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PREFACE

This report is published to provide coastal engineers with a description
of beach changes at Atlantic City, New Jersey. The ll-year study was designed
to measure beach responses to stomn events as well as seasonal variations, and
was bepun shortly after, and as a conseguence of the devastating storm of 5 to
9 March 1962. The work was carried out under the coastal processes program of
the U.S« Army Coastal Engineering Research Center {CERC).

The report was prepared by Deanis P. McCann with the assistance of
A.E. DeWall, under the general supervision of (. Mason, former Chief of the
Coastal Processes Branch, Research Division.

The U.S5. Army Engineer District, Philadelphia, performed all survey work
except for a period in 1963-64 when data collection was contracted to Mauzy,
Morrow & Assoclates of Lakewood, New Jersey. All data analyvses and interpre-
tations were made at CERC with assistance by M. Fleming, T. Lawler, D. French,
AeEe. DeWall, and W.A. Birkemeier.

Speclal thanks are extended to the visual observers from the City
Engineer's Office of Atlantic City: Js Dolan, R. Badger, C. Turner, and
Ce McDounnell. Thaunks are also extended to C.H. Everts, C. Galvin, K. Jacobs,
MsTe Czerniak, and A.E. DeWall for their substantial contributions to this
report from previous work oan this subject. The author acknowledges the
helpful review comments from A.E. DeWall, W.A. Birkemeier, C. Galvia,
R.M. Sorensen, and R.J. Hallernmeier.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th Cougress,
approved 31 July 1945, as supplemented by Public Law 172, 88th Cougress,
approved 7 November 1963,
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CONVERSION FACTORS, U.S.

CUSTOMARY TO METRIC (SL) UNLTS OF MEASUREMENT

UsS. customary units of measurement used in this report can be converted to
mebric (SI) units as follows:

———

PR — e,

Multiply by To obtaln
inches 25.4 “willimeters
2.54 centimeters
square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters
feet 30.48 centimeters
0.2048 metars
square feet 0.0929 squares meters
cubic feet 0.0283 cublc meters
vards 09144 neters
square yards 0.836 square meters
cubic yards D.7646 cubic wmeters
miles 1.6093 kilometers
square miles 259.0 hectares
knots 1.852 kilometers per hour
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
millibars 1.0197 = 107 kilograms per square centimeter
ounces 28435 frams
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 netric tons
ton, short 0.9072 metric tons
degrees (angel) D.C017453 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins

R

To obtain Celsius (C) temperature readings frem Fahrenheit (F) readings,

use formula: €

To obtain Kelvin (K) readings, use formuala:

= (5/9) (F =-32).

Ko= (5/9) (F -32) + 273.15.



BEACH CHANGES AT ATLANTIC CITY, NEW JERSEY (1962-73)

by
Pennig P. MeCann

I. INTRODUCTLON

Beach changes observed during repetitive surveys at Atlantic City, New
Jersey, conducted by or for the Corps of Engzineers in a ll-year study of seven
profile lines from October 1962 to May 1973, are analyzed as part of the U.S.
Army Coastal Engineering Research Center (CERC) Beach Evaluation Program (BEP)
(formerly known as the Pilot Program for Improving Coastal Storm Warnings or
Storm Warning Program). The BEP's objective is to measure beach and dune
changes due to erosion and accretion at selected localities and relate these
changes to the coastal processes producing them. The BEP was a direct outcome
of investigations into the effects of the Great East Coast Storm of 1962 (see
U.S. Congress, 1962).

Although this report meets the objective of the BEP, the program encoun-
tered many difficulties, including relatively few documented storms in the
study area from 1962 to 1973 (the duration of the study), the difficulty in
obtaining surveys immediately before and after the storms which did occur, and
the difficulty and expense of obtaining continuous wave data. However, numer-
ous data were collected of related wave, tide, and beach conditions, thus
providing a substantial base for a long-term study of beach response having
useful engineering applications.

This report presents both gquantitative and qualitative analyses of beach
profile changes and supporting data obtained at Atlantic City, and describes
the survey procedures used and accuracy obtained. The three categories of
beach profile changes analyzed are: (a) short-term changes, including storm-~
induced changes and other changes between surveys; (b) long-term changes,
including seasonal and yearly chaoges; and (c¢) artificial effects, which
include the effects of manmade structures such as groins and jetties as well
as beach fill placed during the study period. The mean sea level (MSL) shore-
line position and the volumes of sand stored on the beach above the MS5L datum
are the two principal variables analyzed. Observed wave conditions and cli-
matic conditions are used to explain apparent trends in beach changes.

IT. STUDY AREA
1. Location.

Atlantic City 1is located on Absecon Island, a barrier island off the
Atlantic coast of southern New Jersey, 161 kilometers south of New York City
(Fig. 1). The island is bounded on the south by Great Egg Harbor Inlet, and
on the north by Absecon Inlet, and has a straight coastline oriented 64° east
of north. Lakes Bay 1is the main body of water separating the island from the
mainland.

Absecon Island is situated in an open section of coastline, partially
sheltered by Long lsland and Cape Cod from waves out of the north and north-
east and by the Outer Banks of North Carolina from waves out of the south-
southeast (Fig. 1). Bathymetry off the coast of Absecon lsland is shown in
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Figure 1. Study ares showing profile line locations.,

Figure 2. Most of the depth contours tend to be roughly shore-parailel, with
linear sheals that trend toward the east off the central part of the island.
The distance from the edge of the Continental Shelf, located at a depth of
about 128 meters (420 feet), to the center of the island is approximately 125
kilomelLers.

2. Civil Works History.

Absecon Inlet is of great economic importance to Allantic City as a result
of its extensive use by recreational and commercial fishing fleets. During
the eparly 1960's the inlet handled approximately 91,000 wmetric tons of water-
borne commerce annually; however, this has recently tapered off to average

10
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Figure 2. Bathymetry off Absecon Island.

less than 46,000 mwetric tons. Absecon Inlet has heen maintained by the
Fedaral Government since 1910,

Groiln construction along the ocean frontage of Atlantic City, funded
jointly by che City and State, began in 1[928; 12 yroins and 1 jetty were huilc
petweaen Absecon Inlet and Illinois Avenue. Eisht of these groins and the
jetty are still in existence, as shown in Figure 3 and in Table 1 which lists
the ceoastal structures ab Atlantic City. Other major structures (see Table 1
and Fig. 3) include the Hoardwalk, which extends along the entire lengcn of
the ocean and inlet frontage, and five piers. Some of these structures are
showun in Figure 4.

The only beach-fill project before 1962 consisted of about 816,000 cubic
meters of material placed along the ocean frontage in 1948. Howoever, an ofi-
shore sand-dumping test was conducted from 1933 to 1943 in which 2.7 uillion
cubic meters was dumped into 5 to 6 meters of water southwest of Steel Pler
which resulted in no measurable benefit to the shoreline (Yasso and llartwan,
1973). Approximately 428,000 cubic weters of sand was placed between Oriental
and Virginia Avenues between February and May 1963. During the swmmer of
1970, approximately 635,000 cubic meters of £ill was dumped along the beaches

L1
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Table 1. Structures along Absecon Inlet and the coast off Atlantic Cityl.

Locat lon Congtruction Top elevation Top Lengeh Year Conditiaon
Lype {MLW) width buallt 1972
{oner | outer
(m} (m) {m) {a)
N. #ilde of Abgecon lnlet Stone jetty 2.44 2,44 4,57 1,137,00 1952~66 Good
Between Casplan and Timber bulkhead —— ——— 0.76 588.00 1935 Good
Helroge Aves.
Adriatic Ave. Timber and &tone groin 2.44 2.13 4.27 86,56 1932~58 Goad
Drexcl Ave. Timber and stone groln .44 2,13 4027 50.29 | 1930-46 Falr
Melrose Ave. Timber and &tone grofin 2. 44 2.13 4,27 81.38 1954 Good
Helrose Aves. to Stone reveltment ———= -— - —— —— -
91 © south
Hadlson Ave, Tlober and stone groin 2.74 2.13 4e27 68.38 | 1954 Goad
Between Madiseon and Timber bulkhcad grain -——- -~ .61 457.20 | 1935-61 Gaod
Euclid Aves.
Grammercy Ave. Timber and stone groln 2.74 2.13 4.27 79.25 1954 Caod
Between Grammercy and Stone groin 3.05 2.13 4,27 102,41 1946-56 Good
Atlantic Aves,
Between Atlantic and Stone groin 2.74 2.13 4,27 94,49 1946~58 Good
Euclid Aves.
Paclfic Ave. Stone groin 2.44 2,13 4,27 102.41 1946~58 Good
Orfental Ave, (36.6 o Stone jetty 3.35 2.13 4,27 358.75 1946-61 Gaod
N, of profile 1)
Yermont Ave. Stone groin 3.05 0.30 4,27 121.92 1930-61 Gaod
Massachusetls Ave. Stane grola 3.05 2.13 4.57 167 .64 1948 Good
Botwurn Verzont and Sandbag breakwater Top is approx. 1.2 m below HLW
Hansachusects Aves.
Between Connectlicut and Timber bulkhead .——= -——= ———— —-—— 1932 Poor
Magsachusetts Aves.
Cennect icut Ave. 0.5m outfall ——— ———= = ——-= ~—— ———=
Under M. edge of Timber and stone groin = ——— ~——= ——— ——— Poor
Garden Pler
New Jersey Ave. Garden Pler (0.76—w ——— ——— -_— -— ——= m———
outfall)
Delaware Ave. (4.6 m Timber grotin 2,44 2,13 1.22 182.88 1950 Falr
N. of profile 3)
Yirginia Ave. Timber and stone groin 2.44G Z.13 1.22 167.64 1950 Good
{0.76 outrfall}
Between Presbyterlan and Steel Pler {(oid timber ——— ——— ——— ——— ——— ———
¥irginia Aves. groin bangath)
Betweea Noerth Carelina Steeplochase Pler (0.91-a | —=- —-——= ——-- —-——= ———— ==
and Pennsylvania Aves. outfall to S.)
Between North and Tinber groln (40 a 5. of 2. 44 2-13 1.22 182.88 1950 Good
Sauth Carelina Aves. profile &)
Tenneyssee Ave. Stane groin 2,44 2.13 4.27 43.59 1928 Foor
{N. of Central Pler)
Between Tennsuiee Ave, Central Plec-Tiaber groin | ———~ —-—-= ———— - ———— -
and St. Jamss Placc {0.76 outfall)
5t. James Vlace Timber groln 2,44 0.4% 1.22 147.83 1950 Falr
Iilinofs Ave. Tiober and stone groin 2.44 0.6l 1.22 182.88 1950 Poor
(0.91-m outfall)
Arkansas Ave. 0,91~m ourfall at N. edge | =—~~ ——— ———= ———- ——- -
of Milllon Dollar Pler
Missiselppl Ave. 0.61l~o double outfall ———= ———— ———- ——— ———- ~——
Florida Ave. 0.61-m autfall - ——— - ——— -—— ———
Califarnla Ave. 0.91-m outfarl ———— ———= ——== = == -
Boston Ave. 0.91"\3 ouLEall —— ——— = m—— == ==
Raleigh Ave. l.5m sewage plpe extend— ) -~--— —-——— ——— ——— ——— ————

fry, 497 r ro dLffuscr

lypdated from U.S. Army Engineer Diatrkct, Philadelphia (19743.
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Figure 4. Aerial view of Absecon Inlet and Atlantic City (30 April 1973).



betwaean Oriental and Illinois Avenues (Fig. 3). The source of this dredged
material has been Absecon Inlet, just inside the Brigantine Jetty (Fig. 4)
{Everts, DeWall, and Czerniak, 1974).

.

A detailed discussion of <civil works affecting the beaches on Absecon
Island is presented by U.S5. Army Engineer District, Philadelphia (1974).

3. Beach Material.

New Jersey beaches consist mainly of medium—- to fine-grained sand, com-
posed mostly of quartz. The Piedmont and Highlands of the Appalachian
Province provide the ultimate source of the beach sands. Presently, due to
the low terrain and gentle slopes of the Coastal Plain, the rivers draining
the higher areas become sluggish and deposit much of their sediment load along
the way before reaching the coast. What little scdiment does reach the coast
becomes trapped in the lagoons behind the barrier islands, and never reaches
the beaches. The only natural sources of beach material now appear to be the
ocean floor and the beaches themselves.

Ramsey and Galvin (1977) found the median grain size at Atlantic City to
be 0,27 millimeter (1.9 phi), with a sample range of 0.22 to 0.33 millimeter,
which agrees with the wvalues obtained from surveys taken in 1936 and 1947
(Beach Erosion Board, 1950). They also determined that the grain size
decreased from the north to the south, the direction of net litteral trans-
port, This trend of decreasing grain size from north to south 1is shown in
Figure 5 which indicates the southward decrease in grain size across three
profiles at Atlantic City. & spatial trend in grain-size variation from the
berm to mean low water (MLW) is also Indicated in Figure 6 for the sample
averages and in Figure 7 for the profile averapges. These plots show an
increase in prain size from the berm to MSL, and then a slight decrease frou
MSL to MLW. A scasonal grain-size variation shown in Figure B indicates that
the grain size increases from about (.25 wmillimeter in October to (.30 wmilli-
mater In December while decreasing from about 0.30 millinmeter in becember to
0.26 millimeter in March. This trend sugpests an increass In the slope of a
stable foreshore from Cctober to December when the sizes ars increasing and a
decrrease in foreshore slope when the grain sizes are decreasing from December
to March.
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Figure 5. Southward decrease in median grain size at Atlantic City; sample
averages are by profile line {from Ramsey and Calvin, 1977).
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The net littoral transport rate along Absecon Island is estimated to be
115,000 cubic metkers annually in a southwesterly direction as determined from
estimated gross northerly and southerly annual rates of 191,000 and 306,000
cubic meters, respectively (U.S. Army Engineer District, Philadelphia, 1974).
Further evidence for southwest littoral transport is shown by Everts (19753) in
the pattern of deposition that decreased the width of Great Egg Harbor Inlet
(Fig. 1) 30 percent from 1949 to 1974. Everts also concludes that possibly 25
percent of the longshore transport could be accounted for by sand movement on
bars.

Taking into consideration the previously mentioned lack of supply of beach
material from natural sources along with the net littoral transport to the
southwest, 1t is obvious that this imbalance of material leaving and entering
the area results in erosion of the beaches. These circumstances, in turn,
would require occasional beach nourishment to sustain the beach. Two such
beach~fill projects were accomplished during the study perilod, as previously
mentioned, with the fill material having a mean grain size of 0.3 millimeter
(Everts, DeWall, and Czerniak, 1974). A buildup of sand occurred from 1877 to
1939 on the northern end of Absecon Island, which resulted in the Absecon
Lighthouse belng so far inland today.

4., Wind, Wave, and Tide Data.

Wind data shown in Figure 9 consist of hourly records obtained before the
profile study period by the National Weather Service (NWS) from an anemometer
atop the now abandoned Absecon Lighthouse (Fig. 4). Analysis of these data
indicates that the predominant wind directions are from the south and weste.
The corresponding wind velocity from these directions is generally 1in the
22.5- to 45-kilometer~per—hour range (Fig. 9,b). This agrees with the result-
ant wind direction determined from data taken 16 kilometers inland at the
Aviation Facilitles Experimental Station from 1968-72 (Fig. 10). Figure 9,b
also shows that most of the high-velocity winds (46.7+ kilometers per hour)
were from the northeast. The resultant wind direction, as shown 1in Figure 10,
is the magnitude of the vector sum of wind directions, and the average wind-
speed indicated is the sum of the recorded windspeeds divided by the number of
observations. :

Winds are from the west-northwest during the winter months of November to
March. From March to July the winds shift to the south with a shift back to
the west from July to September. After an abrupt shift back to due south in
October, the winds return to the west-northwest direction of the winter (Fig.
10).

Data from the Summary of Synoptic and Meteorological Observations (SSMO)
(U.S. Naval Weather Service Command, 1970). show the predominant wind direc~-
tions offshore of Atlantic City throughout the year (Fig. ll1). Monthly data
indicate that the winter winds of November to March are from the west and
northwest, whereas the spring and summer winds of April to August are from the
south and southwest. These trends are in general agreement with those indi-
cated above for winds measured inland, except that neither September nor
October show directions nearly as predominant as the other months,.

The bearing of a line normal to the Atlantic City beach at Steel Pier 1s
approximately 26° east of south. Waves impinglapg from east of the normal
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Fipure 9. Wind data (yearly averages) for Atlantic City (from
UseSs Army Engineer District, Philadelphia, 1874).
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Figure 10. Mean monthly wind speed and direction at Arlantie City (1968-72).
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Figure ll. Annual wind distribution by percent frequency and mean speed for
Atlantic City. Data obtained from SSMO (U.S. Naval Weather Sarv-—
ice Command, 1970) collected during 1949-68 and covering the area
from 38° to 40° N. latitude and 72° W. longitude to the coast.

result in a southwest, or "down-beach drift"”; waves from west of the normal
produce a northeast, or "up-—beach drift.” Results from visual wave observa-
tions obtained at different times at Atlantic City indicate that waves east of
the normal occur greater than 50 percent of the time (Figs. [2 and 13). An
earlier report by the U.S. Army Engineer District, Philadelphia (1938), also
indicated a predominant down—-beach drift occurring about 48 percent of the
time compared te about 24 percent up-beach drift and 28 percent onshore-
offshore drift.

CERC maintained a relay-tyvpe wave gage on the end of Steel Pier (5.2
meters mean water depth) from 1962 to 1969, which measured water surface ele—
vations in 6-centimeter increments., These data, analyzed by Thompson (1977),
indicate that during 1964 to 1967 the average significant wave height and
averaga wave period Increased substantially in September (Fig. l4). This is
also in general apreement with Figure 4-10 in the Shore Protection Manual
(SPM) (U.S. Army, Corps of Engineers, Cpastal Engineering Research Center,
1977). The explanation for this behavior during this particular period is
shown in Figures 15 and 16 which give the values by month for each of the
years considered. The peak in values of period and helght during September
1964 can be attributed to Hurricanes Dora, Ethel, and Gladys offshore along
the Atlantic coast. Although none of these hurricanes directly hit New
Jersey, they generated large waves which reached the shore. Historically,
there 1is a substantial Iocrease in tropical c¢yclones and hurricanes in
the North Atlantle Ocean during September (Fig. 17); however, only a few
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Figure 12. Wave approach at Steel Pier. Length of arrows indicates the
percentage of wave approach from the wvarious directions as
determined by periodic observations at the end of Steel Pier
during MNovember 1935 to May 1937, and July 1947 to March 1948
{from Beach Erosion Board, 1950).
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Figure 13. Mean wave direction by month for visual observations
obtained from January 1968 to October 1974.
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hurricanes directly impact on Atlantic City (two “direct hits™ from 1899~1977
were recorded by the National Weather Service, 1978). Most hurricanes remain
offshore in this area, producing landirect effects such as increased wave
heights. Extratropical storms, particularly northeasters, are second only to
hurricanes in their destructive intensity causing considerable damaze to the
beaches and structures along the Tew Jersey coasts The resultant damage from
these storms 1s largely due to -uae high winds, waves, and increased water
levels they generate.

The astronomical tides at At 4intic City are semidiurnal and have been mon-
itored alwost continuously sinc: 1912 from a primary tide station located on
Steel Pler. The mean tidal range is 1.25 meters, with the normal tidal range
varying from 0.98 meter for neap tides to 1.52 meters for spring tides. The
highest recorded storm tide at Atlantic City, 2.32 meters above MSL (Table 2),
occurred during a hurricane in September 1944. The March 1962 storm caused
the second highest storm tide, 2.19 meters above MSL (Table 2). Additional
information on extreme high tides and frequency of maximum monthly high tides
is provided in Table 3 and Figure 18, respectively (U.S. Congress, 1964a).

The National Ocean Survey's (NOS) accepted mean tidal heights for this
location, basaed on the timespan 1948 to 1964, referenced to the ocean MLW
datum, are: mean hisgh water (MHW), 1.25 meters; mean tide level, 0.62 meter;
National Geodetie Vertical Datum (NGVD), 0.530 meter; and MSL, 0.63 neter.
During the period 1912 to 1969, the apparent secular trend for the change in
sea level at Atlantic City was a rise of 0.283 centimeter per year (Hicks,
1972). Approximately 0.l centimeter per year of this change is due to the
glacial-eustatic rise in sea level, with the rewmainder attributed to
subsidence.

The seemingly minor, but never-ending changes in sea level (Fig. 19),
spanning years and decades, are masked by the more dramatic changes due to the
meteorolozical and oceanographic parameters affzcting the yearly variability
in sea level. These include variations in wind, currents, water temperature,
salinity, river discharge, and direct atmospheric pressure (Hicks, 1972).

Table 4 provides a summary of physical characteristics relating to
Atlantic City.

[II. UATA COLLECTION AND ANALYSIS '

l. Establishment of Profile Lines.

Seven profile lines were established along azimuths normal to the shore-
line in 1962 (Fig. 1). The spacing between adjacent profile monuments gener-
ally increased from profile lines 1 to 7 with the smallest distance between
profile lines 1 and 2 at 426 meters, and the greatest distance between profile
lines & and 7 at 1.62 kilometers. Some of these monuments were, however,
offset from the actual profile lines. Standard bronze Corps of Engineers'
disks were placed on or near profile lines 1 to 4, and & in 1975, and profile
lines 5 and 7 in 1976. Each wmonument was then referenced horizontally to the
New Jersey Transverse Mercator and vertically to NGVD (sea level datum of
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Table 2, Height of storm tides at
Atlantic Cilty.

Yr Mo Elevation to M3L
{m)
1933 Jan. 1.71
1933 Aug. 1.52
1936 Sept. 1.43
1944 Sept. 2.32
1944 Nov. 1.77
1947 Nov. 1.80
1950 Nov. 2.13
1953 Oct. 1.86
1953 Nov. 1.52
1960 Sept. 1.86
1962 Mar. 2.19
1963 Nov. 1.46
1964 Feb. ' 1.43
1965 Jan. 1.19
1966 Jan. 1.83
1967 Feb. 1.53
1968 Nov. 1.92
1969 Nov. 1.37
1971 Aug . 2.13
1972 Dec. 1.71

Note~—Data for 19331-62 from U.S. Congress
(1964a); data for 1963-72 compiled by subtract-
ing predicted tides from recorded tides (NOS)
to determine highest for the year.

Table 3. Extreme high tides at Atlantic City (from U.S. Congress, 1964a}.

3-yr Heights above MSL (m}
period | 1.0 J1.07 J1.23[1.19 {1.25 [1.31 J1.37 T 1.43 {1.49 J1.55[ 1.6t [1.77 [1.80 J1.86 | 2.13 {2.32
No. of occurrences
1936-38 | 205| 126 { 77| 44§ 25 | 15 7 3 1= | === =1==
193941 | 287 1944 129| 73} 34 | 20 | 11 8 5 3 PR R N e
1942-44 | 326 213 ] 143] 893 43 | 28 | 16 | 10 8 4 3 2 1 1 1 1
1945-47 | 338} 23| 1571 99| 61 | 44 | 19 9 6 3 1 1 O N i
1948-50 | 290 | 189 | 126 | B2 | 46 | 37 | 21 11 5 2 2 1 ) 1 1 p -
1951-53 | 311 203 | 130 88 52 | 30 | 16 7 4 3 1 1 1 1 — | -
1956-56 | 344 | 233 | 150) 98 55 | 38 | 19 | 13 6 I e A
1957-59 1 356 231 | 1ol 83| 56 | 29 | 14 7 4 2 I i e e
1960-611 | 409 | 294 | 213 ] 143 ] 96 | 66 | 51 | 29 § 18 | 14 | 12 3 3 1 | — | —

‘Adjusted by fraction 3/2 to represent a 3-year period for purposes of comparison.
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Table 4. Summary of physical characteristics at Atlantiec City.

[7 Characteristice Description Source
Location Absecon Island, 13 km long; coastline orlentation of
N. 64° E,

Length of study area 5 km, from Absecon Inlet Jetty SW.

¥Yean tidal range 1.25 m fational Oceanic and Atmospherie
Administration (1979)

Spring tidal range 1.52 o National Oceanilc and Atmospheric
Moinlstration (1979)

Maximum starm Eurgel 2.13 @ CAug. 1971) Hatlonal Oceanic and Atmospheric
Mministration {1972)

Mean significant wave heighe [ 0.8l m (less than | pct eaceed 3 m) Thompson and Harris (1972}

Standard deviation 0.53 m Thowpson (1977)
Mean wave perlod 8.18 s Thompson and Harrie (1972)
Standard deviation 2.43 s Thempson (1977)
Breaker type 44,7 pet plunging (PL) Visual obsns. (Jan. 1968 to Octe
32.0 pet spilling (SP) 1974)
Breaker approsch 57.7 pet within 5° either side of shore-normal Visuasl obsns. (Jan. 1968 to Oct.
33.0 pct 5% to 25° left of shore-normal 1974)
Beach material Fine-to-medium graln quartz sand Ramsey and Galvin (1977}
Median diameter 0.27 om Ramsey and Galvia (1977)
Profile
1 2 3 4 5 6 7 Avg.

Foreshore slope 0.039 | 0.066 | 0,047 | 0.046 | 0,046 |0.039 } 0.045 |0.047 |Everts, DeWall, and Czernlak (1974)

Berm width from Boardwalk {m) 180 5 75 50 60 90 110 80 |Everts, DeWall, and Czerulak (1974}

Berm height above WGL (m) i3 243 3.0 2.4 2.2 2.1 2.0 2.2 |Everts, DeWall, and Czerolak (1974)

lpuring BEP program.




1929). All survey work for profile documentation was performed by the U.S5.
Army Engineer District, Philadelphia. Profile linsz

documentation is discussed
further in Appendix A.

2. Ffrequency of Surveys.

The general criteria considered in establishing survey fregquencies were
the periods of waximum beach change caused by seasonal effects as well as
weather forecasts Indicating a high probability of beach erosion due to
storms. Survey frequency was greatest during the fall and winter months with
a particularly large number of surveys taken during the first quarter of 1963,
at the beginning of the project, and in 1968-70 when a series of 10 weekly
surveys was done., Figures 20 and 21 show the number of surveys at Atlantic
City by gquarter {3 months) and by month, respectively.

Survey Freguency LNo /Qir)

| ]
1962 1963 194 1965 1966 1967  |26A 1969 1970 197 1972 1973
Yr

Figure 20. Frequency of surveys at Atlantic City.
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Figure 2l. Total number of beach profile surveys,
by month, at Atlantic City.



Surveys were 1nitially intended to be conducted every 2 weeks and after
significant storms. However, an examination of the initial surveys showed
that the engineering significance generally associated with beach changes in a
2-week period was of limited value. Therefore, the interval between regularly
scheduled surveys was extended to 1 month or even longer during the summer.

3. Field Survey Technique.

The general data collection procedure consisted of setting up a surveyor's
level at or near a previously established point of known elevation or "bench
mark,” usually located on the seaward side of the Boardwalk (Figs. 22 and
23). Then, using a tape and Philadelphia rod, readings were taken along each
profile line at approximately every 15 meters or at breaks in slope. Profile
alinement was maintained by sighting on preestablished predominant landmarks
such as telephone poles or buildings aleng the Boardwalk. Horizontal dis-
tances were recorded to the nearest 0.3 meter and elevations to the nearest
0.03 meter, except when hand leveling was used.

Figure 22. Surveying crew sertlng up for another reading (16 January 1968).

When the Philadelphia rod reached an elevation where it was out of view
through the level, the general procedure was to hand level down to the surf
with the rodman wading out as far as possible. Occasionally, the rod was
"boosted" (or raised) a known distance to the top of the rodman's boot or belt
to obtain the last polnt without hand leveling. Turning points were also
used; however, before 1972 the leveling was not closed back to either the
turning points or to the starting bench mark, so the reliability of the turn-
ing points could not be determined.

The surveying party consisted of a six-man hydrographic surveying crew
from the Philadelphia District, except for a period in 1963 and 1964 when a
private firm was contracted to do the work. The six—man crew either worked as
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Figure 23. Rodman in the surf (16 January 1968).

a single crew or split Into two three-man crews to expedite the work. The
crew also collected sand samples at varlous times at selected profile lines.

In addition to surveys by conventional surveying methods, an experimental
program was conducted to test a method of obtaining profiles by observing sand
levels on pipes located at approximately I[5-meter Intervals along selected
profile lines (Urban and Galvin, 1969). Profile lines 5 and 7 at Atlantic
City were selected for this program.

To establish the pipe profiles, G.4-meter-long iron pipes (marked at 0.15-
meter intervals and usually uwarked before emplacement) with 3.8-centimeter
(inside) diameters were jetted 4 meters into the sand. A type of reflecting
material or a sign was displayed on the pipes as a safety measure for beach
buggy traffic at night.

Unpaid local observers enlisted by the Philadelphia District made weekly
observations of the sand elevation at each pipe. These observations were
recorded on forms and mailed weekly to CERC. At CERC, the sand elevations
were converted to elevatlons above MSL and the data were stored in the stan-
dard survey format. These data are available in LUrban and Galvin (1969).

4. Accuracy of Field Surveys.

A certain degree of error is inherent in any data collection procedure,
even under the most ideal conditions. Some of the possible errors encountered
throughout these surveys are discussed below.

Random reading errors were minimized by using a rod graduated in tenths of
a foot. Since the only readings requiring a greater precision (to the nearest
hundredth of a foot) were at the bench mark and at turning points, and these
silght lengths were usually less than 76 meters (250 feet), no significant ran-
dom erreor should occur (Czerniak, 1972).
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Systematic errors due to condition of the level, rod out of plumb,
temperature of tape, slope of tape, and tape not on line were considered
insignificant and had no great effect on the data collected. Bad turning
points undoubtedly resulted in some error, but since the leveling was not
closed back to the bench mark, there is no definite method of determining
specifically when an error might have occurred or to what extent. Another
source of systematic error results from the sag of the tape and wind effects
on taping. The magnitude of this error is assumed to be an average maximun of
-0.1 foot per 200 feet of tape length.

Taking into account these error possibilities and varicus other errors due
to human and environmental causes, the data were considered "accurate" if
every point on the profile was within £0.05 foot vertically and 0.5 foot
horizontally of the actual values. The data were also considered "dependable”
if sufficient checks on the survey data were performed to ensure that no per-
sonal errors affected the data. Based on these criteria, it was concluded
that the data obtained were of acceptable accuracy and dependability.

5. Data Reduction and Quality Control.

Until 1968, survey data were recorded in field notebooks, reduced and
hand-plotted by the surveyors, and then forwarded to CERC. These plots were
later digitized and placed in a punchcard format. After 1968, the survey data
were still recorded in fieldbooks, but the data were then transferred to
optical scanning forms before being sent to CERC. At CERC the data were
logged and scanned with an optical wmark page reader (OMPR) to produce punch-
cards. The cards were then read into a computer where the data were processed
using an editing program which plotted profile points. From these plots,
apparent errors were Identified and returned to the surveyors for correction
Or comment. A final edit check was mnade and the data were stored in a
magnetic-tape format when all detectable errors were satisfactorily corrected.

A quality control study by Czerniak (1973) indicated a 25 percent proba-
bility that there would be an ervor of 4+0.1 foot in the recorded elevation of
a surveyed point due to rounding by the survey party in the field. Because of
the improbability of this rounding error occurring numerous times on the same
profile, this error, if present, should have no adverse affect on any data
analysis.

Figure 24 diagrawms the basic steps taken throughout the BEF program from
the initial observation in the field to the final computer output.

Appendix B provides a tabulation, by profile, of all the survey data
collected during the study.

6. Data Analysis.

Two primary parameters calculated from the profile data are (2) the change
in MSL shoreline (AS) and (b) the change in unit storage volume (AV). The
first parameter, AS, 1is the horizontal change, between surveys, of the posi-
tion of MSL at a profile line. If the beach at MSL prograded during the time
between surveys, a positive number would result for AS; a negative wvalue
would result if the beach receded. The second parameter, AV, 1is the change
in volume above MSL between two surveys for a unit width parallel to the
shoreline at a profile line. 1f accretion occurs between surveys, AV will
have a positive value, and 1f erosion occurs, AV will be negative.
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Figure 24, BEP data processing.

The wvalues for AS and AV are limited in two significant ways {(sce
Figs. 25 and 26). The lower limiting elevation of the surveys for computa-
Lional purposes is MSL and therefore the values do not provide any indication
of changes below MSL. The wolume computations are also based on a landward
boundary, common to most of the surveys, for each profile line. As a result
of these two limiting factors, there generally exists a landward region of
change as well as the probably more substantial below-MSL region of change
which are not included In the computed volume.

Londwaord Boundary

Figure 25. Change in MSL shoreline at profile line, A4S,

IV. RESULTS

I« Short-Term Changes.

a, Changes During Storms. Storms contribute substantially toe short-
term beach profile changes by their very nature of short duration and high
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intensity. Seventeen storms, predominantly northeasters, were selected for
analysis based on the following criteria (see Table 5}:

(1) Existence of prestorm surveys no more than 4 weeks before
the storm and poststorm surveys no more than ! week after the storm;

(2) data indicating wave heights of 1.22 meters or greater dur-
ing the storm (this value was arbltrarily chosen due to the 0.85-
meter value for mean wave height determined by Thompson and Harris,
19723; and

{3) no other known significant weather events occurring between
SUrvVeys.

Visual observations indicate that the predominant breaking wave directions
during storms are from the east and southeast. Wave breaker types most com—
nonly observed were either plunging or spilling (Urban and Galvin, 1969).
Analysis of the selected storms for which actual tide data were available
demonstrated an average maximum storm—generated surge at high water of 0.57
meter.

An effect which must be considered is the timelag between the storm and
the poststorm survey which varies from 0 to 6 days. The greater the lag, the
more probable that the beach has already begun recovering, thereby not indi-
cating the total storm change (Birkemeler, 1979), (See App. C for plots of
prestorm and poststorm surveys.)

Figure 27 deplcts the mean and standard deviation of unit volume changes
above MSL, by profile, for the selected storms. Due to the relatively few
storms analyzed, this information provides only a possible trend of unit
volume changes at each profile line. Profile lines 2, 5, 6, and 7 underwent
the greatest average unit volume loss of 6 cublc meters per meter or greater
during these storms. This is partly explained by the fact that the general
direction of lougshore transport during storms 1s from northeast to southwest
in this area. Consequently, profile lines 2 and 5 are in littorally depleted
locations as a result of updrift groins and other manmade obstructions to lit-
toral drift (see Fig. 3). However, profile lines 6 and 7 are on relatively
unobstructed beach, so thelr changes in unit volume are presumably due to
onshore-offshore sand movement, or possibly movement downshore into the unsur-
veyed part of Absecon Island.

The wide deviation at profile line ! 1s undoubtedly a direct consequence
of 1its location immediately downdrift of the Absecon Inlet jetty. Profile
line 4, on the other hand, indicates a =zero average unit volume change in
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Table 5. Atlantic City storm data.

£e

Sterm date Sucvey datas  |Oays tefore|Daye after] Mawe HW aucge Dgies of max. W i Max. Source| Dates of max: |MiL ghareline chg.| Above MEL cnit wpl. chg.
igrvey pucvey Hd RuTga BurTges |surges wavg hgt. wave hgt. avgal ards dev. aVEs b #ids dEws
Exoyy (hine) Ta) tie) ¥.61 8[20.3 s (@) [ () (=) (=) (a'/n) (alim)
13 Jan. 1966 | M Dec, 1963 ta 13 4 0.64 247 (13 Jden. l96s 1 3 3.96 | 13.00 | Gage .11 G.89 ~10.40 15:23
17 Jau. phALS
13 Septe 1980 11 Mg, e 23 Fi 0.23 0.77 22-13 Sept. 964 0 o 4.86 | 16.CD Gage m——————— ~2.68 12.99 -22.99 2.7
25 Sapt. 19642
16 Sept. 1967 | 15-19 Scpr. L947 1 3 0.73 2.38 & Sepe. 1967 1 2 2.74 5.00 | Cagp | =meam—— — ~5.90 10.70 -8.18 25.63
25 Jan. 1962 26=30 Jan. 1943 L 5 0.54 1.78 |25 Jan. 1GEB Y 3 1.22 | 4.00 | ¥iewal| 26 Jan. 1968 Q.14 5.11 =5.82 9.56
3 Feb. 1963 30 Jar. ne 9 0 0.66 1,18 3 Feb, 1968 1 1 i.98 650 Visual| B Feb. 19¢8 ~0.27 4.48 ~£.02 7.86
§ Feb. 15687
2% Feb. 1968 2|=26 Feb. 1568 4 1 0,24 0.78 25 Febs 1968 0 1] la22 4,00 Visual | 25 Peb. 1968 =~5.91 13.19 -0.32 5.93
1 Mar. 1568 26 Febs e 4 [ Q.63 2.08 29 Feb. 1968 1 1 1.83 6,60 | Visual| 1 Har. ]96E 1.83 11.00 1.88 .35
7 Har. 19438
13 Mar. (968 7-13 Mar, 1948 ] Q 0.45 l.48 12 ¥ar. 1968 0 3 1.83 600 | Vieunl| 8 Mar. 1968 =490 &8.19 ~2.3) 9.75
2.93 .6l Cage 20-25 Jan. 1968 —-— —— — —
22 Jan. 196§ 13-22 Jun. 1959 9 0 0.38 L.26 Il Jom. 1983 Q 3 1.52 S. 00 Wipual | 21-22 Jan. 1963 ~3.83 8.33 -12.64 S.52
- -7 5.70 | cage 9 Feb. 1969 —— —m— -—— ——
10 Feba 1959 5-1% Feba 1969 5 F3 .51 L.66 9 Feb. 1969 0 1 1.23 oD | Wiwwal | 9 Feb. 1969 ~2.03 5417 0.73 7.1%
13 Feb. 1959 12-19 Feb. 1969 & 1 Q.48 1.56 18 Feb. 1969 Q 4 1.52 5.00 Fiwual} 18-19 Feb. 1949 0.+40 £l 24 =5.48 11.1Q
1.22 400 | Yisual| 26 Feb. 1969 —— ——— ——— ————
2 Mar. 1969 26 Feb. to 4 3 0.75 R 1 Mar. 1969 3 10 2.73] 8.96 | Gage 17 Fab. to §.99 g.65 =11.01 23,96
5 Mar. 1989 3 Mar. 1969
.67 S.48 Gage 7-B Mar. 1969 m——= | — —————
7 rfar. 196¢% 5-12 rsr, 1959 1 b 0.48 1-56 T Mar. 196% 0 3 1,22 4u00 | Viaual | 7-8 Mar. 1969 ~3.43 T.17 5.10 11.3Q
11 Dac. 559 0 MHow. to 21 5 Mo tide | W cdde| ———-=-—--mm - - 1.37 4059 | Vieual| S Dec. 1969 0.80 10.1& 2.33 léa1l
16 bme. L9695 data dacs
17 Dee- 1970 §-1f Dec. 19707 -] 1 0.91 3007 | =mmmme——a -—— —— 335 [ 11463 | Cage 17 Dae. 1970 3462 10.14 =1.21 30.70
19 Feb. 1972 18=31 Feb. L1572 5 3 1.07 3.50 (19 Fub, 1972 1 b1 213 | 7.69%| Vieusl| 19 Fab. 1972 .64 6.89 ~14.8] 14,39
22 Mag. L9713 16-25 Har. 9722 L] 2 Q.78 2.57 22 HMar. 1972 B g 1.37 4.504 | visuel} 22 Mar, 1973 11.82 7.47 -11.69 15.23
Avga T.47 -2.53 Q.57 128 0.8 3 2.048 .33

‘simple averege of profile wvalues (negative values indicate recession—ercsion).
ZNot all profiles reached MSL.
*Data from Sandy Hook, New Jersey.

“Dara from Ludlam Island, Rew Jersey.
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Figure 27. Mean and standard deviation of unit volume changes
by profile for 17 selected storms at Atlantic City.

addition to having the smallest deviation of all profiles. Profile line 4,
therefore, appears to maintaln a reasonably stable unit volume throughout
storms. This apparent anomaly may possibly be related to the number and type
of structures near the profile; i.e., Steel Pler and Steeplechase Piler updrift
of the profile, as well as two groins located on either side of Steel Pier
{(Table 1). 1In addition, another groin located just downdrift of the profile
causes a "boxed-in" effect which could possibly contain a bulk of the littoral
material.

Figure 28 illustrates the mean unit volume changes and standard deviations
by contour above MSL for all profile lines during the selected storms. The
greatest average unlt volume loss occurs between the +0.5- and +l.0-meter con-
tours. The figure also shows that the greatest deviations from the mean occur
between the 0.0- and +2.0-meter contours. This is to be expected because wave
action 1s concentrated in the foreshore region and thereby lends to greater
variations in volumes of material moved. Also, 1t is possible that the maxi-
mum average unit volume loss occurs between the +0.5- and +1.0-meter contours
because the average maximum surge above high water, which allows waves to con-—
centrate, during those storms 1s 0.57 meter. Alternately, the wvariation in
volume change generally decreases with increasing elevation above +2.0 meters
because this part of the profile remains relatively stable, except in severe
storms, due to 1its Increased distance from the scouring effects of wave
actlon. This higher part of the beach not only remalns relatively stable, but
it accretes an average of 0.2]1 cublc meter per meter per storm between the
3.0- and 3.5-meter contours.

Since losses from the lower contours clearly exceed gains along the upper

contours, sand 1s wmoving elther offshore or alongshore. The most intense
storms resulted in -20 cubic meters per meter volume changes above MSL, which
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Figure 28, Mean and standard deviation of unit volume changes by contour
for 17 selected storms at Atlantic City profile lines.

is -100,000 cubic meters over the 5-kilometer study area compared to the gross
annual longshore transport rate of about 500,000 cubic meters (for the entire
littoral =zone); thls short—term beach erosion indicates that most of the sedi-
ment transport during storms is offshore.

In Figure 29 the unit volume changes at each profile, as determined from
prestorm and poststorm survey data, are compared to the changes in MSL shore-—
line position (0.0 contour) for the same storm data. In thls way, volume
changes resulting in accretion and eresion are compared to shoreline changes
resulting in progresslon (advancement) and recesslon (retreat). Figure 30,
which depicts trends in wvolume change versus shoreline change for selected
storms, shows considerable differences between these two wvalues, indicating,
at least during storms, that volume accretion 1s uot necessarily accompanied
by MSL shoreline progression nor is volume erosion always accompanied by MSL
shoreline recession. These data demonstrate the need for caution when eval-
uvating short-term beach changes from aerial photos.

bs Beach-Fill Changes. Two major beach-fill projects at Atlantic City
during the BEP study (in 1963 and 1970) used a combination of stockpiling and
direct placement. Stockpiling entails periodically placing beach material atc
a concentrated updrift location in tite depleted area, and allowing natural
processes to move the fill downdrift to nourish the beach. Direct placement
involves placing the fill along the entire area to be nourished.

As mentioned previously, the 1963 fill project consisted of 428,000 cubic
meters of fill placed between Oriental and Virginia Avenues to replenish the
greatly eroded beach resulting from the March 1962 storm. Figures 31 and 32
indicate the 1963 and 1970 beach-fill limits and the beach profiles before and
after both fills. Figure 33 shows the unit volume chaonge from 1963 to 1972
for each profile line. These data Indlcate that the 1963 fill remained for
approximately 4 years on profile line 3 and provlded ncurishment to profile
llnes 4 to 7 at later times as a result of natural processes, as indicated by
the dashline tracing volume increases along the profile lines. However, thosa
same natural processes caused a continued eresion problem that required toa
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placement in 1970 of an additional 635,000 cubic meters of beach material
between Oriental and T1llinois Avenues (see Figs. 31 and 32). The fill mate-
rial in each case was similar to the natural beach material, with a mean grain
size of 0.3 millimeter. Again In 1970, profile line 3 indicated a trend to
maintain much of the fill for an extended time period (Fig. 33). Although
surveys were not conducted after 1973, it can be assumed that some of the fill
migrated down the beach to the other profile lines as did some of the 1963
fill. Sowe information supporting this assumption is shown by comparing the
photos in Figures 34 and 35 (taken in November 1970) with the photos in
Fipures 36, 37, and 38 (taken in March 1979 at profile line 2). DNote the
considerable awmount of beach after the beach fill in 1970, compared to the
practically nonexistent beach in 1979, Also, note the wide beach in Figure 39
{taken at profile line 6 in March 1979) compared to the lack of beach in Fig-
nres 36 and 37.

Figure 34. View of scarp just north of profile line 2
(24 November 1970).

Figure 35. View landward from waterline at profile line 2.
Building at left, behind Boardwalk, is convalescent
home shown in Figure 38 (24 November 1970).
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Figure 36. View of greoin at Vermont Avenue from under the Boardwalk
at Rhode Island Avenue (profile line 2) (9 March 1979).

Figure 37. View of groin south of Rhode Island Avenue from under
the Boardwalk at profile Iimne 2 (9 March 1979).
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Figure 38. View of erosion-scour at the base of the convalescent home
on the soutlh side of Rhode Island Avenue (8 March 1979).

Figure 39. Looking shoreward from waterline at California Avenue
{profile line 6) on 9 Maxch 1979. Note width of beach
compared to that at profile line 2 in Figures 23 and 34,



Additional short-term changes that primarily affect the upper sections of
the profiles result from the periodic removal of sand from under the Boardwalk
(see Figs. 40, 41, and 42) for use as fill elsewhere on the beach (see Fig.
43). Although this procedure has been observed, it is not well documented in
terms of frequency or quantities of material transferred. The project during
the winter and spring of 1979 was done by the City and called for the removal
of 36,600 cubic meters of sand from under the Boardwalk near profile line 7
(Richmond to Ralelgh Avenues) (M. Ingram, City Engineer, personal communica-
tion, March 1979). This materlal was then placed on the foreshore wldway
between proflle lines 4 and 5. Because of the relatively fine size of this
well-sorted sand (0.18 wiilimeter compared with 0.27 millimeter reported by
Ramsey and Galvin, 1977, for average foreshore sand size in March), the mate-
rial would probably be easily eroded from the beach face.

Figure 40. Borrow site under Boardwalk at Richmond Avenue on 9 March 1979.
Note amount of sand removed by comparison to sand still evident
behind and under Boardwalk (compare also to Fig. 39).

Figure 41. Trucks waiting to be filled with sand near
Raleigh Avenue (9 March 1979).
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Figure 42. Front loader filling truck with sand excavated from
under the Boardwalk near Raleigh Avenue (9 March 1979).

Figure 43. Site of beach fill near St. James and New York Avenues
(9 March 1979).
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2. Long-Term Changes.

Long-term changes include the cyclic seasonal changes (U.S. Army, Corps of
Engineers, Coastal Engineering Research Center, 1977) along with longer range
trends which may or may not be cyclic in nature. Changes in the MSL shoreline
position during [962-73 are shown in Figure 44. The 1963 and 1970 beach fills
are evident on profile lines 1, 2, and 3 with subsequent progradation on the
downdrift profiles, which was also shown in the unit volume changes (Fig.
33). Figure 45 depicts the average unit volume and MSL shoreline position by
morith for each of the profile lines. The mean of the wonthly averages for
each profile 1is indicated by the "zero” unit volume, whereas the "zero" MSL
shoreline position is the shoreline position during the first survey. Figure
45 shows that seasonal changes do occur at Atlantic City, with the least vol-
ume of sand on the beach from January to March and the greatest volume of sand
generally from June to August. This large quantity of sand also appears pre-
dominantly on profile lines 1, 2, and 3 with profile lines 5, 6, and 7 showing
a loss of sand during June and July. These extremely large volumes at profile
lines 1, 2, and 3 predominantly reflect the beach fill of 1963 in which "the
bulk of the fill material was placed along these profile lines as shown in
Figure 32. These values may also be misleadlng since only four surveys were
conducted in June and two in July throughout the ll-year study period, with
each of the profile lines surveyed twice during June, July, and August of 1963
after the 1963 beach fill. June and July were the least surveyed months
during the study period (Fig. 21). In addition, all profile lines were sur-
veyed in August 1970 after the 1970 beach fill, thereby adding a bias to the
six surveys conducted in August throughout the study. Therefore, the infor-
mation for these months is less representative of average summer conditions.

To evalute the entire Atlantic City locality as a whole, AS and AV
were averaged by year 1n the alongshore direction. The averaged alongshore
change in MSL shoreline, AS, is computed by summing the alongshore distance-
weighted yearly averapge values of AS at each profile line and dividing by
the total Iength of the study area. Similarly, the averaged alongshore change
in storage volunme, AV, 1s computed using the alongshore distance-weighted
values of AV (Czerniak, 1974).

A ecomparison of the mean yearly changes in storage volume and MSL shore-
line (Fia. 46) shows that the long—term trends are influenced more by the
magnitude of the accretion-erosion and progression-recession occurring in
these years than by the number of net accretionary or erosional years. This
is clearly indicated by the high dependency on the two artificial beach fills
in 1963 and 1970 for the shape of the cumulative yearly change in storage
volume, AV (Fig. 46). 1In conjunction with this, yearly changes in the MSL
shoreline and storage volume vary considerably and appear to suggest no clear
pattern.

Figure 47 shows the changes in unit volume and shoreline position for the
vears between the beach nourishment projects in 1963 and 1970. The slope of a
least sguare fit line drawn through the points on the plot of cumulative aver-
age yecarly change in storage volume for the seven profile lines (Fig. 47)
provides a single number which best describes the rate of "natural”™ change in
the above MSL storage volume during this period. The line only provides a
general description of the trend in the data due to the wide yearly variation
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effects of [970 beach fill.

(Fig. 33). Under these conditiens, Figure 47 indicates that Atlantic City has
remained stable at 0.00 cubic meter per meter per year change above MSL during
the period from 1963 to 1969.

Applying the same procedure to the change in MSL shoreline over the sane
period, the rate of change in the MSL shoreline indicates a progression of
0.73 meter per year. However, this line likewlse represents only a general
trend and only roughly approximates the actual rates of change in MSL shore-
line for the locality.
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Further information on the MSL shoreline changes and the above MSL unit
volume changes through time by profile line is provided in Appendixes I and E,
which are large-scale figures by profile of Figures 44 and 33, respectively.

V. DISCUSSION

l. Profile Changes.

In a study by the Beach Erosion Board (1950), various shoreline positions
from 184} to 1947 were compared to determine a trend in shoreline advance and
retreat along the beaches at Atlantic City. It was found that considerable
shoreline retreat occurred at the inlet entrance from 1841 to 1936, After
1936 the inlet shoreline remained reasonably stable due to the iInstallation of
protective structures such as bulkheads and groins. The greatest natural
change at the inlet entrance from 1936 to 1947 was a progressive lowering of
the beach.

The ocean shoreline beginning 300 meters northeast of Garden Pier and
extending 1.2 kilometers southwest to Central Pier receded between 1936 and
1947 with a greatly accelerating rate after 1939 (Fip. 48). After the place-
ment of a beach fill in 1948, from July 1948 to August 1960, the shoreline
between the Orilental Avenue jetty and New Hampshire Avenue experienced pro-
gresslon ranging from a maximum of about 52 meters at the jetty to about 6
meters at New Hampshire Avenue. During this same period the shoreline between
New Hampshire Avenue and Steel Pier receded, with few exceptions, from a maxi-
mum of about 40 meters between Vermont and Rhode Island Avenues to a maximum
of 3 meters In the region east of Steel Piler., The recession between Vermont
and Rhode Island Avenues duplicated the shoreline position of 1936 (Fig. 48).

Surveys 1In July and October 1948, February and May 1949, January 1950,
December 1958, August 1959 and 1960, and March 1962 provide detailed profile
data for the area between the Oriental Avenue jetty and Steel Piler (U.S.
Congress, 1964b). There are no indications, from the previous data, of any
definite quantitative trends in volumetric changes along this reach extending
from the Boardwalk to approximately 1.8 meters below MLW. Likewlse, for the
ll-year BEP study, there appears to be no clearly defined trend in volumetric
changes throughout the seven selected profiles. The two most significant
events are the 1963 and 1970 beach fills and the natural transport of that
material downdrift, as shown in Figure 33.

Flgure 49 depicts four sets of .profiles of the beach and offshore regions
from January 1936 to February 1948 (before the 1948 beach fill). These pro-
files indicate that relative stability increases with distance southwest from
the Oriental Avenue jetty and Absecon Inlet.

Profile envelopes for each profile line througheocut the study period (App.
F) depict the entirc range of maximum and minimum elevations surveyed at given
distances along the profile line and do not appear to indicate any clear trend
to greater stability from profile line | to profile line 7.
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2. Seasonal Changes and Wave Climate.

Figure 50 combines mean monthly wave height and period information
obtained from Atlantic City and the Toms River Coast Guard Station (Fig. 1)
for comparison. Of these sources, the gage data are considered more reliable
although the visual observations provide important nearshore wave direction
information. The page data (Thompson and Harrid’, 1972) were obtained from 7-
minute pen—and-ink records taken six times daily from a 7.62-meter relay-type
gage located on the seaward end of Steel Pier. The visual observations (made
by local wvolunteers) include estimations of nearshore wave period, height,
direction, and breaker type. The Cooperative Surf Observation Program (COSOP)
data were also obtained visually by cooperating personnel from U.S. Coast
Guard Stations at Atlantic City and Toms River. As shown in Figure 50, there
is considerable variation between these sources of wave data.
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Figure 50. Mean monthly gage and visual data for wave
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The visual observation data indicate that the breaker approach 1is
predominantly from within a sector of 5° to the left of shore-normal to an
observer on the beach.

3. Coastal Engineering Implications.

The data in this study largely indicate the far-reaching influence of the
two beach fills of 1963 and 1970. Judging from the volumetric and MSL shore-
line changes through time, shown In Figures 33 and 44, respectively, the beach
fills accomplished their purpose of rebuilding the beach, not only where the
fill was directly placed, but also downdrift, as the result of natural lit-
toral processes. The severe erosional condition at profile line Z, however,
bears closer examination to determine the specific causes as well as possible
solutions to this critical problem.

Among the greatest difficulties in determining how and where the sand is
transported are the incomplete surveying of the entire Absecon Island aud the
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relatively shallow surveying out to only 2 feet below MSL. Therefore, the
amount of sand transported offshore or alongshore to the southwest cannot be
deternined. To better understand the complex and dynamic sediment movement in
this area, and thereby arrive at a functional solution, the entire island
should be studied as a complete system from Absecon Inlet to Great Egg Harbor
Inlet. This would enable a more reliable description of the processes
involved along this coastline. More information should also hbe obtained
relating to the processes of the inlets at both ends of the island to enhance
the understanding of the impact these inlets have on Absecon lsland.

Prestorm and poststorm surveys played an important role in understanding
some of the storm—related processses taking place along this coast. Addi-
tional surveys of this type would significantly increase the awareness of just
how much sand is moved and where during storms, which would then enable the
area to plan accordingly before the storm season. Again, this points out the
need to survey farther offshore to locate where some of the sand is being
transported.

The implications of the beach-fill project in March 1979 indicate the need
for careful planning of the time, location, and grain size of the fill mate-
rial when undertaking such a project. The grain size of the fill material
taken from under the Boardwalk for this project was much smaller than the
median grain size of the beach wmaterial in the vicinity of the nourishment
projecte This factor, ln conjunction with the time of year (March being a
highly susceptible time for storm waves), resulted in most of the fill being
washed away almost immediately on placement, according to a bulldozer operator
on the site. This beach-fill project, then, appeared to be much less success-
ful than the two fills conducted in 1963 and 1970.

VI. SUMMARY

Each of the seven profile lines at Atlantic City, spaced from a minimun of
467 meters to a maximum of 1.62 kilometers apart, was surveyed a minimum ot
118 times, generally from the seaward edge of the Boardwalk to wading depth.
Frequency of surveys ranged frowm weekly to quarterly (Figs. 20 and 21). Dur-
ing the study there were 17 reasonably well-documented storms with prestorm
and poststorm surveys {Table 5).

The study area extends 5 kilometers southwest from the Absecon Inlet jetty
and is cowmprised of 0.27-millimeter median grain-size quartz sand. The fore-
shore slope ranges from 0.039 to 0.0606 with an average of 0.047 over the seven
profile lines. The berm width, measured from the Boardwalk, extends between 5
meters at profile line 2 and 180 weters at profile line 1 with an overall
average of 80 meters. The average berm elevation above MSL is 2.2 meters with
a range beween 1.3 and 3.0 meters.

Winds are generally out of the southwest quadrant with wean speeds ranging
from 20 to 45 kilometers per hour (Figs. 9, 10, and 1l1). The wean significant
wave height is 0.8]1 meter with a mean wave period of 8.18 seconds consisting
predominantly of plunging waves. The area also has a mean tidal range of 1.2
meters.

Among the larpgest natural changes measured between surveys at a single
profile line were a wvolume loss of 51.39 cubic meters per meter during the
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storm of 2 March 1969 at profile line 5 and a shoreline recession of 30.18
meters during the 25 February 1968 storm at profile line 7. Storm changes
{Fig. 30) 1indicate no clear correlation between shoreline recession and
erosion, as might be expected. For exanmple, during the 2 March 1969 storm,
the average shoreline accreted 6.99 meters, whereas the average above MSL unit
volume eroded 1l.0!l cubic meters per meter. However, profile line 2 shows the
most critical erosion, as shown in Figures 36, 37, and 38.

Ma jor beach-fill projects were completed in 1963 and 1970, introducing
approximately 428,000 and 635,000 cubic meters of fill material, respectively,
to the northern end of the study area (see Fig. 31). These fills were reason-
ably successful in nourishing the beach, as shown in Figure 33.

Seasonal changes are indicated with a maximum volume of sand above MSL
from May through October (Fig. 45). The net volume change above MSL along the
beach, disregarding the 1970 beach fill, is near zero. Although the beach, as
a whole, experienced a near zero net change during the period 1963-6%, there
was a shift of heach storage volume from the [963 fill site on the northern
end of the study area toward the southwest, along the beach (Fig. 33). This
shift of beach volume was expected with time and resulted in an effective
beach-£fill project.

In conclusion, this study was extremely valuable for the quantitative
determination of some of the shore processes taking place at Atlantic City as
well as to indicate how such studies may be accomplished more effectively and
efficiently in the future,



LITERATURE CITED

BEACH EROSION BOARD, "Atlantic City, N.J., Beach Erosion Control Study,”
HeDoc. 538, 8lst Congress, 2d sess., U.S5. Army, Corps of Engineers,
Washington, D.C., 1950.

BIRKEMEIER, W,A., "The Effects of the 19 December 1%77 Coastal Storm on
Beaches in North Carolina and New Jersey,” Shore and Beach, Jan. 1979 (also
Reprint 79-2, U.S. Army, Corps of Engineers, Coastal Engineering Research
Center, Fort Belvoir, Va., NTIS AQ70 554).

CZERNIAK, M.T., "Review of Survey Procedure: BEP Profiles 1in New Jersey,”
Memorandum for Record, U.S. Army, Corps of Engineers, Coastal Engineering
Research Center, Fort Belvoir, Va., Apr. 1972

CZERNIAK, M.T., "Evaluation of Quality Control on BEP Surveys,” U.S5. Army,
Corps of Engineers, Cecastal Englneering Research Center, Fort Belvoir, Va.,
unpublished, 1973.

CZERNIAK, M.T., “"Magnitude of Changes on Three New Jersey Beaches,” draft
speech submitted to SEPM-AAPG, Apr. 1974.

EVERTS, C.H., "Sediment Budget, Great Egg Harbor Inlet to Townsends Inlet, New
Jersey," U.S. Army, Corps of Engineers, Coastal Engineering Research Center,
Fort Belvoir, Va., unpublished, 1975.

EVERTS, C.Hl., DeWALL, A.E., and CZERNIAK, M.T., "Magnitude of Chanpes on Three
New Jersey Beaches,” unpublished draft of presentation to annual convention
of the Society of Economic Paleontologists and Mineralogists, San Antonio,
Tex., Apr. 1974.

FVERTS, CeH., DeWALL, A.E., and CZERNIAK, M.T., “Behavior of Beach Fill at
Atlantic City, New Jersey,” Proceedings of the 14th Conference on Coastal
Fngirneering, American Society of Civil Engineers, Vol. 2, 1974, pp. 1370-
1388 (also Reprint !2-74, U.S. Army, Corps of Engineers, Coastal Enginecering
Research Center, Fort Belvoir, Va., RTIS A0LO 752).

HICKS, 5.D., "On the Classification and Trends of Long FPericd Sea Level
Series," Shore and Reach, Vol. 4, No. 1, Apr. 1972, pp. 20-23.

HICKS, S.D., "Trends and Variabllity of Yearly Mean Sea Level (1893-1971),"
Technical Memorandum No. 12, National Oceanic and Atmospheric Administra-
tion, National Ocean Survey, Rockville, Md., Mar. 1973.

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATLION, "Tide Records from Steel
Pler, Atlantiec City, ¥N.J., 1963-1972," 'unpublished, National Ocean Survey,
Rockwville Md., 1972.

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION, "Tide Tables, East Coast of
North and South America, Including Greenland,” National Ocean Survey,
Rockville, Md., 1979.

NEUMANKN, C.J., et al., "Tropical Cyclones of the North Atlantic Ocean, 1871-

1977," U.S. Department of Commerce, National Climatic Center, Asheville,
N.Ce., June 1978.

54



RAMSEY, M.D. and GALVIN, <C.J., Jr., "“Size Analysis of Sand Samples from
Southern New Jersey Beaches,” MR 77-3, U.S5. Army, Corps of Engineers,
Coastal Engineering Research Center, Fort Belveoir, Va., Mar. 1977,

THOMPSON, E.F., "Wave Climate at Selected Locations Along U.S. Coasts,”
TR 77-1, U.S. Army, Corps of Engineers, Coastal Engineering Research Center,
Fort Belvoir, Va., Jan. 1977.

THOMPSON, E.F., and HARRIS, D.L., "A Wave Climatology for U.S. Coastal
Waters," Proceedings of the Fourth Offshore Technology Conference, Vol. 2,
1972, pp. 673-688 (alsc Reprint 1-72, U.S. Army, Corps of Engineers, Coastal
Engineering Research Center, Fort Belvoir, Va., NTIS 746 365).

URBAN, H.D., and GALVIN, C.J., Jr., "Pipe Profile Data and Wave Observations
from the CERC Beach Evaluation Program, January-March 1968," MP 3-69, U.S.
Army, Corps of Engineers, Cpastal Engineering Research Center, Fort Belvoir,
Va., Sept. 1969.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manual, 3d ed., Vols. 1, 1I, and III, Stock No. 008-022-00113-1,
U.S. Government Printing Office, Washington, D.C., 1977, 1,262 pp.

U.S. ARMY ENGINEER DISTRICT, PHILADELPHIA, "Technical Studies of Inlets,”
Philadelphia, Pa., Apr. 1938.

U.S. ARMY ENGINEER DISTRICT, PHILADELPHIA, "New Jersey Coastal Inlets and
Beaches, Barnegat Ilnlet to Longport,” Interim Report, Philadelphia, Pa.,
Sept. 1974,

U.S. CONGRESS, "Improvement of Storm Forecasting Procedures,” Hearing of the
Subcommittee on Oceancgraphy of the Committee on Merchant Marine and
Fisheries, 87th Congress, 2d sess., Apr. 1962.

U.S. CONGRESS, "Interim Hurricane Survey of Atlantic City, New Jersey," H.Doc.
298, 88th Congress, 2d sess., l196%a.

U.S5. CONGRESS, "Atlantic City, MNew Jersey, Beach Erosion Control Study,”
H.Doc. 325, 88th Congress, 2d sess., 1964b.

UeS. NAVAL WEATHER SERVICE COMMAND, “Summary of Synoptic Meteorological
Observations (SSMO), North American Coastal Marine Areas,” Vol. 2, May 1970.

YASSO, W.E. and IIARTMAN, E.M., Jr., "Beach Forms and Coastal Processes,” New

York Bight Atlas Monograph 11, New York Sea Grant Institute, Albany, N.Y.,
Jan. 1975.

55



APPENDIX A

PROFILE LINE DCCUMENTATION

The station description forms in this appendix provide a summary of all
data needed to recover or reestablish a survey point,

The horizontal and vertical control was first established when Atlantic
City was surveyed for the Storm Warning Program, the forevunner of the Beach
Evaluation Progpram. Most of the bronze disks were placed on the profile lines
in 1975; a few were placed in 1976. All survey work was done by the U.S5. Arwmy
Engineer District, Philadelphia. The given elevations are referenced to sea
level datum.

The data on these forms are subject fo change due to the reestablishment
of survey points, or the updating of culture shown. CERC should be contacted
for any updating of these data.
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COUNTRY TYPE OF MARNK STATION
U, 8.5, Standard Bronze Disk BE-A Sta. 0H00 Profile line 1
LOCALITY STAMPING ON MARK AGERCY {CAST IN MARKS) ELEVATION g
Atlantic City, NJ BE-A 0+00 Corps of Engrs, 7.20 KK
LATITUDE LONGITUDE DATUM TATUM
39921'57,72" 74924'36,57" S.L.D. 1929
(NORTHING | X X (05K TFT) | (EASTING | BORTHIGER [FT) |GRID AND IONE ESTABLISHED BY (AGENCY)
194 120 x%x | 2 072 524 xuﬁ NJ Trans Merc, Corps of Engineers
INORTHINGHEASTING) \FT; | FEASTINGINORTHING) (F71|GRID AND ZONE DATE ORGER
1) 1) 19 Nov 75
TO OBTAIN GRID ATIMUTH, ADD L " TD THE GEODETIC AZ'MUTH
TO OBTAIN GRID AZ. (ADD)(SUB.} T 7 TO THE GEODETIC ATIMUTH)
AZIMUTH OR DIRECTION N \ v
OBIECT tssﬁr‘:c:lgr:‘:;mn BACK AZIMUTH m?—:ioezs?m”wiin ,HE‘-':‘E‘:;‘S "t':ii“
a ? x L] T -

The station is located in Atlentic City, NJ at the east end of Oriental
Avenue, and the north end of the west jetty of Absecon Inlet; 52,04 feet north
of PK (elevation 7.58') nail in the lower end of diagonal brace under the NE
corner of Coast Guard Lookout Tower; 11,69 feet east of NE corner of light stand
on east side of boardwalk; 10.0 feet east of east side of boardwalk; 9,97 feet
east of a PK nail in vertical side of the east stringer of boardwalk on centerline
of Oriental Avenue extended; 3,0 feet north of centerline of stone groin, and 1.0
feet south of centerline Oriental Avenue extended,

The station is marked by a standard disk grouted into the top of stone groin.

NJ Grid Azimuth of Line BE-A 321°-30'
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FORM HEPLACES DA FOHMS 1830 DESCRIPTION OR RECOVERY OF HORIZONT AL CONTROL STATION
DA ' oCT ..1 959 ::2 é)n::’b:t‘,r:'_'f 27, wHICH For use of this form, see T 5237; the pioponent T L Tio

sgency Is U.S5.Continental Army Command,
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COUNTAY . TYPE OF WARK STATION
U, S, A, Scandard Bronze Disk BE-B Sta, O0+10 Profile line 2
LQCALITY STAMPING ON MARK AGENCY [CAST [N MARKS) ELEVATION s
Atlantic City, NJ BE-B 0+10 Corps of Engrs, g.03 g
LATITUOE LONGITUDE DATUM DATUM
36 2144, 56" 74 24'46,26Y 5,L.D. 1929
(HORTHING HEAS X HOGX (FT) [{EASTINGHNBRYEARE) {FT)|GRIO AND ZONE ESTABLISHED BY (AGENCY)
192 786 x| 2 071 767 youx| NJ Trans Merc. Corps of Engineers
[NORTHINGIEASTING) (FT) | {EASTING)(NORTHING] FT) GRID AND IONE OATE CRDER
(M) ™y 19 Nov 75
TO OBTAIN GRIC AZIMUTH, ADD ¢ " T TO THE GEODETIC AZ MUTH
TO 0BT AIN GRID AZ. (ADDISUA.) ¢ T " TO THE GEODETIC AZIMUTH
AZIMUTH OR DIRECTION y
oBJECT {GEQDE TICHGRIO BACK AZIMUTH ‘;ﬁii%gfwr‘;%iT! tug:!i;'STﬂ:iiT|
{MAGNETI(C)
a ’ - o ¢ -

The station is located in Atlantic City, NJ on the west sidewalk of Rhode
Island Avenue; 130,40 feet north of a square cut in the top of goncrete reinforce-
ment on south side of boardwalk of Rhode Island Avenue (elevation 12.43'); 53.86
feet east of inner corner of Beachview convelescent hcme building; 48.5 feet north
of a timber bulkhead at the occean end of avenue; 39,97 feet NE of outer corner of
Beachview convelescent heme building; 10.00 feet south of top of fire hydrant and
1.5 feet west of the west curb of Rhode Island Avenue,

Station is marked by a standard disk grouted flush with sidewalk,

NJ Grid Azimuth of Line BE-B  332°-18'
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DA -T2 ||1 959 ::2 QBI::bIlI.'T:I:? BYLWHICH For uie of this latm, swe TH 5-237; ths proponent

egency ln U.5.Cantlnenta! Army Command.

59



CoOURTRY . TYPE OF MARK STATION P
rofile line 3
U. S. A. stﬂﬂdﬂrd Bronze Diﬂk BE-C Sta. (_)2+00 20! wast
LOCALITY STAMPING ON MARK : AG??CV(CASTI MARKST ELEVATION T
Atlantic City, NJ BE-C -2+00 20'W orps of Engineers 285 i
LATITUDE LONGITUDE DATUM DATUM
39921'36,91" 74°25'04,15" §.L.D, 1929
{NORTHING IFEReX A (FT} | {EASTINGIIRENXKME) {FT} |GRID AND IONE ESTABLISHED BY (AGENCY)
192 008 mxx| 2 070 364 »wx| NJ Trans Merc, Corps of Engineers
(NORTHINGIEASTINGE (FT1 | (EASTINGINORTHING} {FT)GRID AND ZONE DATE ORDER
1) L) 19 NOV 75
TO OBYAN GRID AZIMUTH, ADD ° ’ " TD THE GEDDETIC AZ'MUTH
TO OBTAIN GRID AZ. (ADDHSUB.} = . 7 70 THE GEODETIC AZIMUTH
AZIMUTH OR DIRECTIDN ]
oBJECT (GEODETICHGR DI BACK AZIMUTH m‘:ii‘sf'sul’;i” m:':::?asc:ls“:rcef:n
(MAGHETIC) '
° T P © ; -

The station is located in Atlantic City, NJ on the west side of Delaware
Avenue inan area due for redevelopment; 45,23 feet north of south west corner of
sewer main cover; 32,25 feet north of a fire hydrant; 4,92 feet west of a PK nail

in the seam of west curb of Delaware Avenue,
Station is marked by a standard disk grouted flush into sidewalk, and is 20’

west of profile line,
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ogency is U.S.Continental Army Commond.
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COURTAY TYPE OF MARK STATIOM
U, S. A, Standard Bronze Disk BE - D Sta, 0+00 Profile line 4
LOCALITY STAMPING ON MARK AGENCY (CAST [N MARKS] ELEVATION P
Atlantic City, NJ BE-D 0+00 Corpe of Engrs. 10,71 AW%_|
LATITUOE ‘Logm'ruo: DATUM DATUM -
39921'27,78" 74725'20,50" 5.L,D, 1929
(NORTHING ERAEX G} (FT) | {EASTINGIDIDR XKOLGK (FT) |GRIC AND ZONE ESTABLISHED BY (AGENCY)
191 081 wx |2 069 082 xpx! NJ Trans merc, Corps of Engineers
INGRTHINGHEASTING) (FT1 | (EASTINGIHORTHING) {FT1|GAID AND TONE CATE ORDER
(M) (14} 19 Nov 75
TO ABTAIN GRID AZIMUTH, ADD ® TO THE GEQDETIC AZIMUTH
s ———————
| To 0BTAIN GRID AZ. (ADDISUB.) TO THE GEODETIC AZIMUTH|
AZIMUTH OR CIRECTION
GEQD. DISTANCE GRID DISTANCE
OBJECT ‘GES"?:;L'EC:,(.%TD' B"C":"‘UTH {METEAS) (FEET) | [METERSI  (FEET)
o ’ - o ’ rl
Station is located in Atlantic City, NJ at the beach (south) end of North
Carolina Avenue, under the boardwalk; 87.88 feet south cast of the SE corner of
Chalfont Building, 72.29 feet south west of 5W corner of Resorts International;
29.52 feet southwest of the top center holt of fire hydrant.
Station is marked by a standard disk grouted flush into the top step of a
pedestrian ramp.
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COUNTRY TYPE OF MARK STATIOM
U, S. A, Standard Bronze Disk BE-E (-)2475 20" west Profile line 5
LOCALITY B STAMPING ON MARK AGENCY (CAST IN MARKS) ELEVATICH e
Atlantic City, NJ BE-E -2475 20'W Corps of Engrs. 6.56 R
LATITUDE LOMGITUDE DAT UM DATUM
39921'22,90" 76°25'52,27" S.L.D. 1929
{MOR THI NG THAREX HEX (FTy (EASTING)INEREKXINE) {FT) GRID AND I0ONE ESTABLISHED BY (AGENCY)
190 580 xuxx |2 066 588 *x%K] NJ Trans Merc Corps of Engincers
{NORTHING){EASTING) {FT) {EASTING)(NORTHING) iFT) GRID AND IONE DATE ORDER
(M) 1 24 Aup 76
TO OBYAIN GRID AZIMUTH, ADD ° ' TO THE GEDOETIC AZIWMUTH
TO OBTAIN GRIO AZ. (ADOISUB.) v - 7 Yo THE EEE&:_T—H: AZIMUTH
AZIMUTH OR DIRECTION \
R e I BT
o : - M L -
B

Station is located in Atlantic City, NJ on the west side of Indiana Avenue,
south of the Claridge lotel, 49,60 feet west of the SE corner of sewer cover on the
east side of Indiana Avenue; 18,79 feet north west of the NW corner of A.C.D.S.
cover, just west of the centerline of street, and 12,85 feet north east of top
center of pillar on NE side of steps leading to lawn.

Station*is marked by a standard disk grouted flush iato sidewalk, and is 20'
west of profile line,
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COUNTRAY TYPE GF MARK STATION
U. S. A, Standard Bronze Disk | BE-F Sta. (-) 0475 Profile line 6
LOCALITY STAMPING OGN MARK AGENCY ICAST IN MARKS) ELEVATION s
Atlantic City, NJ BE-F -0+75 Corps of Engrs, 5,20 PR
LATITUDE LONGITUDE DATUM ODATUM
39921 '08.93" 74926'34.43" S.L.D. 1929
INGRTHING HEK¥HKG) (FT) | (EASTING TNORTEING) {FT] |GRID AND IONE ESTABLISHED BY (AGENCY)
189 159 wax | 2 063 280 w5y NJ Trans Merc, Corps of Engineers
(NORTHINGHEASTING] (FT) {EASTINGINORTHING) £y GRID AND IOMNE OCATE QRDER
iy v 19 Nov 75
TO OBTAIN GRID AZIMUTH, ADO B ’ " TG THE GEGDETIC AZ'MUTH
TO OBTAIN GRID AZ. (AGO)NSUB)  ° e " 70 THE GEODETIC AZIMUTH
AZIMUTH QR DIRECTION
ocaiECT !GE&‘;&;;L':%?;TDI BACK:IMUTH IM?-'.E‘I'OEI:S:NSTA(P:CEEETI m:?é’:g"””{:ﬁzn
2 ; - s ; 2

Station is located in Atlantic City, NJ under the boardwalk at the ccean, or
south end of California Avenue, 49,38 feet south of the SE corner cof sewer cover,
just west of centerline of California Avenue, 12.0 feet SW of NE corner of east
wall for ramp, 8,08 SE of the NW cornmer of west wall and 1,3 feet east of W, wall,

Station is marked by a standard disk grouted flush with surface of a

pedestrain ramp,
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COUNTAY TYPE OF MARK STATION Profile line 7
U, S, A, Standard Bronze Disk | BE-G Sta. {(-) 0+75 25.5' East
LOCALLITY STAMPING ON MARK AGENCY (CAST IN MARKS) ELEVATION FT)
Atlantic City, NJ BE-G -0+75 25.5' E Corps of Engrs. 11,64 "
LATITUDE LONGITUDE DATUM DaATUM
39920'45, 28" 74927'34,82% 5.L.D, 1929
(NORTHINGHEXEHNE) {FT) fEASTING SHDOATLNDg (FT) |GRID AND IONE ESTABLISHED BY IAGENCY]
186 754 W | 2 058 542 NJ Trans Merc Corps of Engineers
{NORTHINGILEASTING) \FT) | [EASTING]INOR T HING) \£T1|GRID AND IONE OATE QRDER
(M) (M) 27 Aug 76
TO OBTAIN GRID AZIMUTH, A0D 5 - TDO THE GEDDETIC AZIMUYH
i e N E.capod
TO OBYAIN GRID AZ. (ADD)ISUB.) TO THE GECQETIC AZ | MUTH
ATIMUTH OR DIRECTIDN B
GEOCD. OISTANCE GRID DISTANCE
OBJECT {GECODETICIIGRID) BACK AZIMUTH
[MAGHETIC) IME TERS) (FEET} IMETERS) [FEET)
o ’ Il L] ' -

The station is located in Atlantic City, NJ on the east side of south (ocean)
end of Raleigh Avenue; 52.59' south of north end of concrete wall; 84,31 feet
southeast of fire hydrant; 38.20 feet north of reference B.M. which is a square cut
in the scuthwest cornmer of concrete wall (elevation 11.52); and 11,0 feet cast of

east curb of Raleigh Avenuc.
Station is marked by a standard disk grouted flush #n concrete wall on east

side of Raleigh Avenue, and is 25,5' east of profile line.
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APPENDIX B

PROFILE LINE SURVEY DATA

The survey data for the Atlantic Clty beach study are tabulated by profile
line number and survey date (in the form YRMODA). Distances are in feet from
the profile line bench mark; elevations are In feet above MSL.
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APPENDIX C

STORM CHANGE PLOTS - PROFILE COMPARISON
FOR SURVEY OF SEVEN PROFILE LINES AT ATLANTIC CITY

118



- SHORELINE POSITION
YERTICAL BATLR [S N3
HORIZONTHL OATUA 16

L

® SHORELIME FOSITION OM
24 QCTOBER 1982
v FIRST SURVEY
.| SECOND JURVEY
~\
w LIKE DATE
e i:_:‘h‘”‘tiiqi\ A10ECBA-1TIRHOA
N\ <
N
2 \\ N
- TS
= a2 \ .
- - N -7 AIDETEA-LT4ANG 4
N e
x "~
& ‘\..GL._,‘\\
: -
T
z e \(\mae:sawmum
-
w S Y
= Y
k\‘_\ -
~
® "W{L_ ¢ ICL0EI- 1T AN
-.’-—
- 1TJANGA
o L 17JRNE ¢
st T~ ____ 17.SAKE4
[ o No Preslorm Survey
R S .
200 -180 -1z70 ) —10 a © 80
DISTAWCE ( Aj
PROFILE CCHPARISON FOR SURVEYS OF 7 PROFILE LIKES AT
RTLANTIC CITY NJ
N SHOREL EME PDSITION
« YERTICAL DAtLN 18 MGl
- f HOR[ZOMTAL BATUR IS
SHIAELINE #0SLTION O
24 OCTLBER 1962
- s FIMST SURVEY
- T . BECOMD SURVEY
- ORTE
-1 ILRUDBL-2ETEr RS
=21 ALALOG4-268EPG4
E 8 -
[ =]
=
Ze ILALOB4-2GIEPE4
md
w
ol MAVDR4-250EPA4
| IIALEGH-2586 P04
w | ILAUNEL-ZESEPS4
o | ILAUDE4-293EP 84
& .
~209 180 -120 -0 BT a ) ag

0ISTANCE ( 1)

0R

PROFILE COHPARISCN F
ATLAN

SYRVEI? OF 7 PROFILE LIWES AT
Tic cify NJ

119



ELEYRTION [ M1

12

10

-2

- BHORELINE POBITION

YERTICAL DATUM 1S nSL

HORIIOHTAL DATUM 18
SHORELINE POSITION OM
24 OCTODER 13962

v FIRST SuavEY
SECOND SURVEY

DATE
153EP0T7-1J3EP 07

tESEFBI-133EPET

1ESEPET-1983ERET

153EPST7-1GRERRY

LESEPET-198EMET

-200 -183 -12Q -8 -40 a 40 11}
DISTAMCE ¢ N}

PROFILE COMPRRISON FOR SURVE??YUEJT PROFILE LINES RT

ELEVATION 1 RI

34

12

10

RTLANTIC C

- SMORELINE POS{TIOW

VYERTICAL OATLM IS AmSL

MORIFOMTAL CATUR IS
SHORELIMNE PCAITION OM
24 DCTODBER 15827

v F1R3T SURVET
DETOND JURVET

OATE
24)ARED -30JAKEY

24JAWGS-3DJAKER

24JANGE-A0IANER

24JRNEN-ITIANEN

Z4JRNEY-30)ANEN

2 JANGA-2TJANEY

24 JAKGY-30IANER

=200 -140 -120 -8d -4Q q 40 LD
OIATAWCE ( R)

PROFILE CDHPHR]SUNHFER SURYEYS 0§‘7 PROFILE LINES RT
J

ANTIC CiTY

120



N BHOMELLNE POSITION

. % VERTICAL OATUM {5  hsL
HAR[ ZOMTAL CATUN [3
SHORELINE POSITION CN
z4 JCTOOER 1382
bt  FIRST SURVEY
A\ SECOMD 3URYEY
o
b ]
T a
2
F 4
=
3
w ™t
d
hi
-
o
S )

- LIHE

AJRuEE -

JoJanee-

A JRNEE -

LONELL LR

JGRNGE -

30JRNGD -

A0iANES-

QATE

afeagn

BFEa6Y

BFEQER

arcean

§FERGE

AFEBER

arfnan

80 -4 0
DEITANCE ( M)
PRAFILE COMPARISON FGR

RTLA

700 -1aa -1z0
NTIC CITY

N aHORELINE POSITION

SURVEYS GEJT PROFILE LINES AT

S . VERTICAL DATUN S MEL
HORITONTAL BATUR £
SHOREL IME POSITION ON
24 OCTOBER 1592
TN o> FIRST BURVEY
\, BECOND 2URYVEY
LIME OATE

A 21FEAGR-2EFEBGA
=3 2{FERGY-2EFEBGR
x
a
=
=
£ 21FEGAR-26FEBAN
o
v

@ | 21FEA6B-2LFEDLR

.l 24FEROR-2EFERGA

o 21FEAGH-20FERSE

a 2 | 21Feaes-2areBen

-

0 . )

-840 -40 a
Q]STANCE ( M)

PROFILE COMPRRISON FOR 3UR
ATLRNTIC

-209 -i80 -120 40

cITY

121

YETS OEJT PROFJLE LIKHES

L <}

AT



12 14 18

10

ELEVATION | 1

PROFILE COHPRRISON

12 14 g

10

ELEVATION ( M)

-
1

- BHORELINE POSIYION
VERTICAL ORTUM IS MSL
HORIZOMTAL DATUA 13
SHORELINE POSITION O
24 GITOBLN 1962
Y YC FIRSY sumvEY
N\, BECOND BURVEY
.-
2 LIne PRYE
L L JEFCRRB- TAKHS
L 26FEBBE- THAYEE
28FENGB- ThARGD
L 26FE8G8- ThAREB
LEFERGN- THAREY
s 26FEO6D- TMARER
ZEFERER- 7NARES

-200

Y

-180 -120 -80 -40 0 40 80
OI3TRMCE  m!

FOR SURVEYS OF 7 PROFILE LIKES AT
ATLANTIC CITY NJ

N 3HIRELINE POSITION

VERTICAL DATUR [8  mSL

HORIZORTAL DATUR IS
SHORELINE POSITION ON
74 JUIUBER 1862

IS FIRST SURVEY
SECOND SURVEY

DRTE
THARBB-13MAREE

TRRREN- 1 INARED

TNARGY -1 INALBE

THARGB-13HARBY

THARCE-~13RARSH

THAAGE-13nAABE

TRANGS- L IMARES

200

-180 ~120 -80 -40 L} 10 80
QISTANCE [ #)

FROFILE COMPARISON FOR SURVEYS OF 7 P
! H?L 'TTT L ROFILE LINES AT

ANTIC C

122



- EHORELINE POSCTION

-
- r YERTICAL DATURM [S nSL
HORIZESTAL DATUR [§
SHORELIME POI[TICH O
24 OCTOOER 1382
.
~% v FIRST symvEy
\‘ . SECOND SURVET
CATE

d"' TYANEG - 2.00489
L= LRGSR -2 2 IANEY
x
a
T
: - L 1 JSANES - 22 1ANGS
P
W

a 13JRKED-22J84BS

- | 3JRKEI-22JRNET

=1 13JRHED-22 JANGY

o 1 3JRNES-22JANES

? .

200 -180 -120  -®0 40 ) 40 20
DISTRECE | 1)

PROFILE COHPARISON FOA SURVEYS OF 7 PROFILE LIMES AT
ATLANTIC CITY NJ

N aMOREL TWE FOALTION

D YERYICAL OATuR (8 mEL
HORIZOMTAL DATUM [5
SHOMELIME FRRITICH OW
Z4 OLTOASR 1882
X4 v FIRST SURVEY

F N\ OECONG AURYEY

ORTE
a T SFEAS3-§2FEAEY
= o
= r §FEBGS-12FEAAS
x
Qo
=
=
E = + SFERES-127E868
b

SFERBI-L2FERES

@ L
- | GFEAAS~1ZFERRD
o SFERGA-1ZFEAE
o} SFEB89-12FEBET
~
‘\

-200 -180 -120 -80 -40 0 40 LU
QIErBMEnE ¢ M

PROFILE COMPARISON FOR SURVE(S OF 7 PROFILE LINES AT
ATLANTIC CITY N

123



- BHORELINE FORITION

L -]
- VERTICAL DATUR 1§ nsi
HORTZONTAL DATUR 13
SHORELINE POSITION OM
24 OCTOBER 1582
-
- s OFImar sumver
BECOND BURYEY
-~
o
x
2
I
s
uﬂ
-l
w
-
-
-
Q
o
3 . ,

200 -160 -120 -8 T [ @ w0
QISTANCE ¢ M)

PROFILE COMPRRISON FGR SURVET? OF 7 PROFILE LINES AT
RTLANTIC Y NJ

- BHORELIKE PO37TION

FATE
127E88J .10 ERAS

V2FERE9-15¢ E0GY

12FERGES-13FERLS

L2FEQE9-LEFERED

(2FERGI-LSFERRS

12FI8E9- LIFERES

12FEBEQ-19FEDAI

= YERTICAL CATUN 18  nsL
HORLIONTAL DATUN 1S
SHORELINE #O3{TION O
24 OCTUBER 1982
S I FIRST MURVEY
JECOND BURVEY
1Rf TAtE
2. 24FEB69- SNARED
=24 28FEOET- SHARES
=
(=]
&
Zel 26FEBEI- SMARSY
]
w
@ 24FEBB9- SNAREE
" 2CFEBBY- EMARGS
-} 26FEQE9- SHARGY
a ZUFERBI- SMARYS
-
i . . .

-100 -580 :120 :BU 14& ] 10 LLi]
QIaTAKCE ( h)
PROFILE COMPARISON FOR SURVEYS OF 7 PROFILE LINES AT
ATLARTIC CITY Ny

124



e« % SHORELINE FOSITION
- YERTICAL DATUN [2 nSL

[ HORLZOMWTAL CATUH [3
SHARELINE FOSITION O
24 DCTODER 1902
S XL FImsT sumyey
DRTE

pord SRR ] IMiRe)
_ .
L= SRARGY -1 2NARCY
3
=S
-
=
: o SPRAGY-1ZNARES
-
wl

e | SPARBG-1 ITNARAD

- ERARGS -1 ZHARES

~ SFARGA-12NARGS

a SrARE9-12MANEY

f\\
\"\
b N R N
-200 -180 -120 -80 T [ I} L5

GI3TANCE ([ R}

PROFILE COMPARISON FOR URVEIS 0F 7 PROFILE LINES AT
ATLANTIC CITY NJ

o\ gnoniLisg Posttion
¥ VERTICAL DATUR 1S psL

HOR] ZOMTAL OATUR [3
SHORELIIE POSITION OM
24 OCTCOER 1382
Sy FINST suavey
SECOND SURYET e
TaTy
=i ROCA TN I Y]
)
Y 20M0VES - 180 209
=
=]
&
e ZONOYE9-1ROECET
o
d
o L 2040Y39-1MOECAY
- | 20%0¥69-160EC8
-
L 20MI¥69-16CECES
al 20H0¥89-LADECAS
<@ N . .
-200 -180 -120 -80 -4 1 @ 83

QIatRUcE ¢ M

PROFILE COMPARISON FOR 5'.EIF:'JETS OF 7 PROFILE LINES AT
ATLANTIC CITY N

125



- SHORELIHE POSITICN

© YERTICAL OATUR [5 hsL
= HORLZONTAL DATUR 15
[ SHORELINE PDIITION ON
74 OCTODER 1362
- | s FIRST SURVEY
ol (Ve gty N\ BECOMD MURVEY
CRATE

b QUECTO-180EC70
=9 90ECT3-1BOECTD
=
=
o
%a I S0ECTO-180£C70
e}
w

@} POECT0-18DECTQ

- SOECTC-1BOECTO

~ 90€C70-180ECTD

) BDECTO-180ECTD

o~

; . . — \

-200 -180 -120 -B0 ~40 Q 40 L1
CIITHUCE | K]

PROFILE COMPARIZON FOR SUR‘JEIS QF 7 PROFILE LINES AT
RTLANTIC CITY NJ

- SHOREL(HE POSITION

© VERTICAL OATLM IS hsk
- HORIZOWTAL OATUN IS
SHORELINKE POSITION ON
24 QCTQBEN 1562

- 3y FIRST SURVEY

- BECOND JURYEY

- DATE

= 14FERTZ~22FERTZ
=3 L4FEBTZ-22FER?Z
x
)=
o
T 14FERT2-22FERDY
-
w

S LAFERT2-22FEBT2

- |4£LD72-22FER72

o L4FERT2-22FERTZ

o 14FERTZ-22FER72

%

-200 S180 <120 -85 -10 0 @ LX)
CI8TENTE ( h)

PROFILE COMPARISON FOR SURYEYS OF 7 PROFILE LINES RT
ATLANTEC CITY HJ

126



® - BHORELINE FOSITICH
[ VERTICAL DATUM 18 nsL
KOR[ZOWTAL 0ATUR 13
AHORELINE FORIFION OM
z4 OCTOBER (36T
-
TP U FIR3T gumveY
™\, BECOND JURVEY
e — — T T

o Y LINE CRTE

ol Il LARARTI~24NARTY
=3 1BRART-ZERARYA
x
o
5
: ® 18RAR7A-2SRART
P

- 18NART72-25NAR TS

. 16PART3-25RARTA

o |8RARZA-ZERARTS

o )ARARIA-ZSNARTY

o

0 ,

-208 -140 -120 -850 - 40 a a0 20
OLSTRWCE [ M)

PROFILE COMPHARISON FOR SURVEY3 OF 7 PROFILE LINES AT
ARTLANTIC CITY NJ

127



APPENDIX D

MEL SIIORELINE CHANGES

128



OISTANCE ()

DISTANCE (A )

-1}

120

120

80

=30

DISTANCE 15
] SHORELINE POSITION ON
24 OCT 62
Y
. DATA MISSING

i M/\/WMMM

L L 1 i n

1962 1964 1968 1968 1970 1972

CHANGE IN DISTANCE TG MSL SHORELIKE AT
PROFILE LINE 1 ATLANTIC CITY, NEW JERSEY
[

ZEBD DISTANCE IS
SHORELINE POSITION ON
24 OCT 62
hY
“.DATA MISSING

n i i i F

1962 L9364 1966 1368 1970 1972

CHANGE IN DISTANCE TOQ MSL SHORELINE AT
PROFILE LINE 2 RATLANTIC CITY. NEW JERSEY

129



OLETANCE (n )

OISTAMCE (K )

o 80 20 120

E
=

-3¢

D] 120

0

-30

ZERD DISTANCE IS
SHORELIME POSITION OM
24 oCT 62

b

“+ DATA MISSING

1962 1964 1966 [¥:13.] 1870 1872

CHANGE IN DISTANCE TO MSL SHORELINE AT
PROFILE LINE 3 ATLANTIC CITY, NEW JERSEY

ZERO DISTANGE IS
SHORELINE POSITION ON

- 24 0CT 62

~
“.DATA MISSING

AN,

i L i n

1962 1964 1966 L5638 1970 1372

CHANGE IN DISTANCE TO MSL SHORELINE AT
PROFILE LINE 4 RTLANTIEC CITY. NEW JERSEY

130



OISTANCE (p )}

OISTAMCE (f1 )

120

g0

80

30

-30

120

80

30

=30

ZERD DISTANCE IS
SHORELINE POSITION aN
24 OCT 62

~

“\ DATA MISSING

IWAEILE

L i i 1 L

1962 1964 L9668 %11 1970 1972

CHANGE I[N OISTANCE TO MSL SHORELINE AT
PROFILE LINE S ATLANTIC CITY, NEW JERSEY

ZERD DISTANCE I5
SHORELINE POSITION ON

F 24 OCT 62

N

N\ DATA MISSING

b j
1962 ' 1964 I 13649 ’ 19648 . 1979 I 1972
CHANGE IN DISTANCE TO MSL SHORELINE AT
PROFILE LINE & RTLANTIC CITY. NEW JERSEY



OISTANCE (n )

120

30

-30

ZEBO DISTANCE IS

SHORELINE POSITION ON

] 24 OCT 62

\\ DATA MISSING
}.
- 1

1962 - 1964 glssa #wse ! 1970 = 1972

CHANGE IN DISTANCE T0O MSL SHORELINE AT

PROFILE LINE 7 ATLANTIC CITY. NEW JERSEY

132



APPENDIX E

ABOVE MSL UNIT VOLUME CHANGES

133



uNlT voLume t a%/ n) REOVE MSL

UNIT VOLUHME | R3’ M) ABDYE nSL

40.00 P0.00 1I0.00 180.-00 £00.00

-90.00 =40-00 0.00

120.00 160.00 LOO.00

40.00 P0.00

-40.00 0.00

-$0.00

T

X EITIHPULHT(B UHTUH

i,

1982 1963  19%4 19€s  196€ 1987 1868  18ES 1970 191 181z V5

UNIT VOLURE C%%Gﬁﬁ_fco%fﬁOFNILE LINE L RT

[
a

TERD voLU OV

ey unlY VLlRe ®
1 AAY 73
X EITRHPDLHTED DHTUN

1887 19 1384 1985 (988 1987  1pB® 1868 1590 1891 1897 18mM

UNIT VOLURE thﬂrli% TfCGPtrTﬁYGFNI}E LINE 2 AT

134



UNIT voLunt | n¥/ nl ABOYE oEL

uURIT voLunE | n®s n) ARDYE PSL

40.00 P0.00 1I0.00 180.00 100.00

~90.00 ~40.00 D.DO

130.00 190.00 £00.00

40.00 WO.00

~P0.00 —40.00 0.UD

! vub”zg g&LEE 15
X EXTRRPOLATED ﬂH 3; "

a . b " - s . " s » e

196 1983 1984 1868 1968 1987 156k (988 1BIG 1571 1872 I9M )

UNIT YOLURE CI‘L%OF&S %fﬂBFJLE LINE 3 AT

Rt MRl

BAY
X EXTIHPULHYEG GRTUH

A i " oY A i . -

19€2 -7\983 1964 1586 1368 1947 1966 (S98F 1870 197 1972 19m

UNIT YOLURE C“LH('{.%EMSTIFCU%IPTRYDFNIJLE LINE 4 AT

135



UNIT VSLUME | N3/ n) AROVE hSL
40.90 WBo.00 1L£0.00 180.00 £80.00

~30.00 -40.00 0.00

40.00 B0.00 1£0.00 160.00 £00.00

UNIT VOLUNE { %7 n1 ASOYE MSL

-30.00 -40.00 0.00

!EﬁgﬁaUhugﬁ QEEVE 18

! 73
X EKTRHPULHTEU UR un

-

1968 1965  15€¢ 1966 198C 1581 19EN  1S€9 1490 1911 1912 1978

UNIT YOLURE Cl'mtt(mﬁ_ FEFT EFILE LINE § RT

‘e.iﬂqu“!$ Q!EFE 5

RY 7
X EIYRHPULHTEU Bﬁ un

i i a i

UNIT YOLURE CHRR( % TFEO%IP]R{BFNKJLE LINE & AT

136

1982 1988 1984 1966 1968 1987 198k 1968 1810 1571 1972 1878



URIT VELUME [ NP/ M) RBOYE MSL
$0.00 90.00 120.00 180.00 £00.00

<30 .00 «40.00 0.00

i?ﬁﬂhﬂﬁ mu

v SXrendathrin catly 7

i -y

1982 198  18€4 1986 1888  i#%7  isee (989 1970 1671 1972 1979

UNIT VOLURE CPLF?{_%?Y{E“%H‘PQBLE LINE 7 AT

137



APPENDIX F

PROFILE ENVELOPES

138



10

VERTICAL CATUN IS NGL
» |  HORIZONTAL OATUN 1

SHORELINE POSITION ON
2400762

ELEVATION [ M}
4

-200 -160Q -120 -840 -40 O 40 aa
QISTANCE { ) ‘

PRAFILE ENVELQOPE FGR PRQFILE LINE 1 AT ATLANTIC CITY NJ
240CTEZ2 - 1BAPR73

=
VERTICAL OATUN IS nSL
o | HORIZONTAL OATUA 1
SHORELINE PDBIT]BN M
240CT
‘_m
=
=
g~
-
<
=
(]
|
w
o~
=
<

-200 ~1&0 -120 -80 -40 0 40 80
GISTANCE [ M)

PROFILE ENVELOPE FOR PRUFILE LINE 2 AT ATLANTIC CITY NJ
240CT62 - 18APRT3 :

139



ELEYATION { M)

10

PROFILE

ELEVATION | M)

it

PROFILE

VERTICAL OATUA 16 ABL

HORIZONTAL OATUR 18
SHORELINE POBITION DR
240CT82

~-200 -180 -120 ~80 —-40 c 40 ag
OISTAMCE { N}

ENVELQPE FGR PROFILE LINE 3 AT RTLANTIC CITY NJ
40CT62 - 1BAPR73

YERTICARL DATUN IS5 NBL

HOR1ZONTAL DARTUR 13
SHORELINEC POSITION ON
240CT62

A L —_— i r Y

-200 -160 ~120 -80 -40 c 40 80

GISTANCE ( )

ENVELQPE FOR PRGFILE LINE 4 AT RTLANTIC CITY NJ
240CT62 18APR73

140



10

VERTICAL DATUN I3 nM8L
w | HORIZONTAL OATUR IS5
gQURELINE POSITION ON

ELEVATION { M}
4

ag
9 . X . , \ . .
“200  -180  -120  -80 _ -40 G m aQ
QISTANCE ¢ #1)
PROFILE ENVELQGPE FOR PROFILE LINE S5 AT ATLANTIC CITY NJ
240CT82 - 1MRYT73
VERTICAL DATUM I8 MSL
o |  HORIZONTAL OATUN 1B
SHORELTNE POSTTION ON
240CT
— o
=
E -
T
e
|
wl
N r
" 300 180 128 <80 40 0 10 80

QISTANCE ( ™M)

PROFILE ENVELQPE FUR PROFILE LINE 6 AT ATLANTIC CITY NJ
CT62 - 1BAPR73

141



10

VERTICAL DATUR I35 RsL
® | HORIZONTAL ORTUR 1S
gl;!gEELINE POBITION ON

ELEVATION | M3
4

o

[} L " " A " 4 J

-200 ~-160 -1z0 ~-80 -40Q Q 40 80
BISTANCE ( M)

PROFILE ENVELQPE FUR PRUFILE LINE 7 AT ATLANTIC CITY NJ
240CT82 - 1MRY73

142



McCann, Teonis P

Bosch changes 4t Atlantdie Clty, Mew Jorwey {1962-73) [ by bennis P.
MéCamne~—Fort Belwvolr Va. 2 UeSs Arey Coastal Englinescing Resanrch
Canter ; Springfield, Va. ¢ avellahle Erem NTIS, |9EI.

[162) pe ¢ Lile, mape ; 27 cme-—(Miscellanecus Teport [ U.S. Aray
Cumstal Engineering Resesarch Center ; nos B1=3)

Coyer tltle.

“Hatch [981.°

Ropotitive sbarveys of the above MSL beach eere made aloag meven
profile litms av Atlantle City, Hew Jersey, from |92 o 1973. Majar
baach=E1L] projects accomplished in 1963 and 1970 sre discossed, and
the gifestu of L7 storms are docussnted.

Lo Arlancte Cicy (H.J.}s 2. ‘Beach eroslons. 3. Bsach nourlehment.
4. Beach protiles 5. Boaachew. 6. Bhore protection. ¥, Shorgline
changess [. Bach Evaluatlan Program. 11. Title. 1l Serdles:
Migrolldneoss report {Coastsl Englneerlog Besearch Center {U.5.)) ;
no. 81-3.

TCLO3 U581 na. BI-3 a7

HoCann, Pennis ¥

Besch changes ac Atlancle Cley, Hew Jersey (1962-71) / by Osnnis P.
HoCamn.==Fort Belwolt Vas : U.5, Army Coastal Englneering Research
Cantmr ; Springfleld, Yae« ; avallable from WIL13, 1981.

[142] ps = £101., mapy ; 27 cm.——(Miscellaneous ceport / U.B. Army
Cosstal Epgineering Reswarch Ceoter ; og. 81-3)

Cover ticla.

“Hareh 1981.°

Bepatltfve surveys of the above HAL bearh were made along seven
profile tines at Acfanele City, Wew Jersey, fram 1962 to 1973. Haler
beach=11ll profects accomplished 1a 1963 and 1970 are discussgd, and
thw ofTectd uf 17 storss wre documented.

Le drlactic Cley (Nodods 2. Beach ecosion. 3. Beach noutlsfesnt.
4. Beach protlle. 5o Bosthes. ©. Shore protectton. 7. Shoreline
changer: 1. Beach Evaluscion Progras. II. Ticle. 111, Saries:
Migeelleneous report (Coastal Englnesring Ressarch Center (U.S5.)) ;
na. Bl=3.

TE2] «UGH lmr no. 81-3 627

McCann, Donnils Po

Baach changes ot Arlamtic City, Mew Jordey {19862=73) / by fennis P
Melann.—Fore Belwvolr Vao = U.S,: Army Constal Engloeering Rewwarch
Cepte? § Springfleld, Y. : avallable frem NTIS, 1981.

{142] ps = 1lYs, mapa § 37 coo-=(Hiscellaneoun répart / U.S. Acsy
Cosatal Engloeering Beewazch Ointer ; nes &1-3)

Covar citle,

“Hairch [FRL.T

Repoticive surveys of EWe absve MEL bamch wwre smde wlong seven
profile limes at Ablantic City, Hew Jersey, from (962 co. [973. Hajor
beath-11l) projects agcomplished in 1963 and L9790 are dlscuwwed, and
the effscts of [7 storms are documanted.

le Atlantic City (Heds)e 2o 'Beach erealotts 3. Beach nourdsbment.
he Bgach profiles 5. Beaches. 6. Shéce protections s Shaordline
changes. i. Peath Evaluation Programs 1l. Ticle. IIE. Sgrimy:
Mistellanpous report (Coawtal Engloeering Besearch Conter (GeS«)3 ;
no. 81-3.

TC203 A lmr no. 81-3 627

Mclann, Dwnnls F.

Bapch changes at Arlantic City, Mew Jersey (1962-71) / by Denals P.
Melano.—Fare Belwvolr Yae. @ U8, Avmy Coastal Fnglemerinhg Resmatch
Cetiter ; Springfield, Va. : gvatlable from WTIS, 195].

[L42) pa = A1l mape ; 37 cm.—(HMiscellaneous report / UsS. Army
Copstal fngloeerihy HEnsearch Center § no. B1=3)

Caver titlea

“March [981.7

Repeticive surveys of the above HSL bedch wece made alony seven
profile liney at Atlancie Cicy, New Jersey, from 1962 to [973. Major
begch—till projecte scctasplished o 1963 sed 1970 sre discussed, and
the sifuces of |7 storms are docomenced.

Lo Aplancde Lity (M.J-)s 2. Beach ersston. 3. Bench nouridhmsnt.
4. Baarh profile. 5. Sesches, 6. Shore protection. 7. Shorsline
changes. 1. Seach Evalustion Program. 1l. Title. 1Ll. Series:
Mincel luneous teport [Coastal Epgineatlng Resmarch Geater (H.5.})) ;
o B1-3.

ICZ03 »USHLmr no. 81-3 627






